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�����$UUD\V�KDYH�D�YDULHW\�RI�XVHV�LQ�WKH�6$6�°�/DQJXDJH��,Q�WKLV
SDSHU��WKH\�DUH�YLHZHG�DV�D�SRZHUIXO�'$7$�VWHS�VWUXFWXUH�ZKRVH
GLUHFW�DGGUHVVDELOLW\�LV�LGHDOO\�VXLWHG�IRU�TXLFN�GDWD�ORRNXS��,Q�WKLV
WXWRULDO��ZH�VKDOO�FRQVLGHU�WZR�DUUD\�VHDUFK�WHFKQLTXHV�EDVHG�RQ
GLUHFW�DUUD\�DGGUHVVLQJ�
��� .H\�LQGH[LQJ����IDVWHVW�H[LVWLQJ�ORRNXS�VFKHPH�IRU�LQWHJHU�NH\V

IDOOLQJ�LQWR�D�OLPLWHG�UDQJH��0RUH�LPSRUWDQWO\��NH\�LQGH[LQJ
IRUPV�WKH�FRUH�LGHD�RQ�ZKLFK�KDVKLQJ�LV�EDVHG�

��� +DVKLQJ����JHQHUDOL]DWLRQ�RI�NH\�LQGH[LQJ�WKDW�DOORZV
SHUIRUPLQJ�GLUHFW�DGGUHVV�ORRNXS�RQ�NH\V�RI�DQ\�OHQJWK�DQG
W\SH��,Q�WKH�KDVKLQJ�VHFWLRQ��WKH�IROORZLQJ�LVVXHV�ZLOO�EH
GLVFXVVHG�

�� +DVKLQJ�LQ�JHQHUDO�DQG�SRVVLEOH�ZD\V�RI�LPSOHPHQWLQJ�LW�LQ
6$6�

�� &KRRVLQJ�DQ�DSSURSULDWH�KDVK�IXQFWLRQ�
�� 5HVROYLQJ�FROOLVLRQV�EHWZHHQ�NH\V�PDSSLQJ�WR�WKH�VDPH

DGGUHVV�
�� 3UDFWLFDO�'$7$�VWHS�LPSOHPHQWDWLRQV�RI�KDVKLQJ��&RDOHVFHG

FKDLQLQJ�DQG�RSHQ�DGGUHVVLQJ�ZLWK�GRXEOH�KDVKLQJ�
�� +DVKLQJ�NH\V�WKDW�FDQQRW�EH�FRQYHUWHG�WR�D�6$6�QXPHULF

YDULDEOH�ZLWKRXW�ORVLQJ�SUHFLVLRQ�DQG�QRQ�QDWXUDO�NH\V�

/RRNXS�WHFKQLTXHV�SUHVHQWHG�LQ�WKH�WXWRULDO�DUH�GHPRQVWUDWHG�XVLQJ
D�UHDO�OLIH�H[DPSOH�RI�PDWFKLQJ�WZR�ILOHV�E\�D�FRPPRQ�NH\��7KH
PHWKRGV�DUH�EHQFKPDUNHG�DJDLQVW�HDFK�RWKHU�DQG�RWKHU�ORRNXS
PHWKRGV��VXFK�DV��ELJ�IRUPDWV��IRUPDWV��LQ�WHUPV�RI�UHVRXUFH
HIILFLHQF\�DQG�SHUIRUPDQFH�
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�����7DEOH�ORRNXS�LV�RQH�RI�WKH�PRVW�IUHTXHQW�RSHUDWLRQV�SHUIRUPHG
LQ�GDWD�SURFHVVLQJ��DQG�6$6�SURYLGHV�XV�ZLWK�D�ULFK�FROOHFWLRQ�RI
EXLOW�LQ�VHDUFKLQJ�WHFKQLTXHV��0HUJLQJ��64/�MRLQV��IRUPDWV��6$6
LQGH[HV��WR�QDPH�D�IHZ��DOO�VHUYH�WKH�SXUSRVH�RI�ORRNLQJ�XS�UHOHYDQW
GDWD��,Q�DGGLWLRQ��6$6�/DQJXDJH�LQFRUSRUDWHV�DUUD\V���GDWD
VWUXFWXUHV�LGHDO�IRU�LPSOHPHQWLQJ�MXVW�DERXW�DQ\�VHDUFKLQJ
DOJRULWKP��6$6�DUUD\V�DUH�QRW�UHDG\�WR�JR�WRROV��$UUD\�EDVHG�WDEOH
ORRNXSV�KDYH�WR�EH�KDQG�FRGHG�DQG�WXQHG��+RZHYHU��WKLV�³VQLSHU´
DSSURDFK�LV�PRUH�IOH[LEOH�DQG�RIWHQ�UHVXOWV�LQ�SURJUDPV�WKDW�VHDUFK
IDVWHU�DQG�XVH�IHZHU�UHVRXUFHV�WKDQ�WKH�³KHDY\�DUWLOOHU\´�GRHV�
�����7R�PDNH�WKH�GLVFXVVLRQ�OHVV�DEVWUDFW��ZH�ZLOO�FRQVLGHU�D�FRPPRQ
WDVN�RI�PDWFKLQJ�WZR�6$6�GDWD�ILOHV��60$//�DQG�/$5*(��E\�D�NH\
YDULDEOH��7KLV�ZLOO�HQDEOH�XV�WR�VHH�KRZ�GLIIHUHQW�DUUD\�ORRNXS
WHFKQLTXHV�FRPSDUH�WR�HDFK�RWKHU�DQG�WR�VRPH�RI�WKH�UHDG\�WR�JR
PHWKRGV�
�����,Q�3DUW�,�SUHVHQWHG�LQ�WKH�%HJLQQLQJ�7XWRULDOV�VHFWLRQ��ZH
FRQVLGHUHG�ORRNXS�WHFKQLTXHV�EDVHG�RQ�FRPSDULVRQV�EHWZHHQ�NH\V
DQG�ILQLVKHG�ZLWK�NH\�LQGH[HG�VHDUFK��WKH�SXUHVW�IRUP�RI�WDEOH
ORRNXS�EDVHG�RQ�GLUHFW�DGGUHVVLQJ��.H\�LQGH[LQJ�LV�WKH�IDVWHVW
NQRZQ�VHDUFK�PHWKRG��EXW�LW�KDV�OLPLWHG�DSSOLFDELOLW\��,Q�WKLV�SDSHU�
ZH�ZLOO�EHJLQ�WKH�GLVFXVVLRQ�ZLWK�NH\�LQGH[LQJ��:H�ZLOO�VHH�WKDW�WKH
FRUH�LGHD�RI�NH\�LQGH[LQJ�FDQ�EH�JHQHUDOL]HG�WR�VLPXOWDQHRXVO\
UHPRYH�LWV�OLPLWDWLRQV�DQG�SUHVHUYH�LWV�VWXQQLQJ�SHUIRUPDQFH��DQG

OHDG�WR�D�SRZHUIXO�K\EULG�PHWKRG�FDOOHG�KDVKLQJ��7KH�UHVW�RI�WKH
SDSHU�ZLOO�EH�GHYRWHG�WR�WKH�GLVFXVVLRQ�RI�WKLV�IDVFLQDWLQJ�WHFKQLTXH�
LWV�LPSOHPHQWDWLRQV�DQG�XVDJH�LQ�6$6�
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�����&RQVLGHU�WKH�IROORZLQJ�FRPPRQ�GDWD�SURFHVVLQJ�WDVN��2QH�6$6
GDWD�ILOH�FDOOHG�60$//�FRQWDLQV�D�YDULDEOH�.(<��QRW�QHFHVVDULO\
XQLTXH��DQG�D�VDWHOOLWH�YDULDEOH�6B6$7��$QRWKHU�ILOH��/$5*(��FRQWDLQV
D�YDULDEOH�.(<�RI�WKH�VDPH�W\SH�DQG�OHQJWK�DV�60$//��DQG�PD\�DOVR
KDYH�VRPH�VDWHOOLWH�LQIRUPDWLRQ�/B6$7��%RWK�ILOHV�FRQWDLQ��JHQHUDOO\
VSHDNLQJ��UDQGRP�GDWD��DQG�DUH�XQVRUWHG��)RU�WKH�WLPH�EHLQJ��OHW�XV
DVVXPH�WKDW�WKH�NH\�YDULDEOHV�DUH�QRQ�QHJDWLYH�LQWHJHUV��7KH�ILOHV
FDQ�EH�VLPXODWHG��IRU�H[DPSOH��OLNH�WKLV�
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7KH�YDOXH�RI�1B5$1*(�WKXV�GHWHUPLQHV�WKH�QXPEHU�RI�GLJLWV�LQ�.(<�
/HW�XV�LPDJLQH�WKDW�RQ�RQH�KDQG��/$5*(�LV�VR��ZHOO��ODUJH�WKDW
VRUWLQJ�LV�DQ�H[WUHPHO\�XQZHOFRPH�RSWLRQ��EXW�RQ�WKH�RWKHU�KDQG�
ZH�KDYH�HQRXJK�PHPRU\�WR�KROG�DOO�WKH�NH\V�IURP�60$//�DW�RQFH�
*LYHQ�WKHVH�FRQGLWLRQV��:KDW�LV�WKH�PRVW�HIILFLHQW�ZD\�WR�VXEVHW
/$5*(�EDVHG�RQ�WKH�YDOXHV�RI�.(<�LQ�60$//��LQ�RWKHU�ZRUGV��WR
PDWFK�60$//�DQG�/$5*(�E\�.(<�SURGXFLQJ�D�ILOH�0$7&+"
�����0DQ\�VROXWLRQV�DUH�SRVVLEOH��)RU�H[DPSOH�

��� 6RUW�60$//�E\�.(<��UHPRYH�GXSOLFDWHV��VWRUH�DOO�NH\V�IURP
60$//�LQ�D��ODUJH�IRUPDW���KRZ�ODUJH��GHSHQGV�RQ�WKH�VL]H�RI
60$//��XVLQJ�&17/,1 ��DQG�VHDUFK�WKH�IRUPDW�IRU�HYHU\
UHFRUG�UHDG�IURP�/$5*(�

��� -RLQ�WKH�ILOHV�ZLWK�352&�64/�ZLWK�%8))(56,=(�VHW�WR�D�ODUJH
LQWHJHU�SURPSWLQJ�WKH�64/�RSWLPL]HU�WR�XVH�WKH�64;-+6+
DFFHVV�PHWKRG�

��� 6RUW�60$//�E\�.(<�UHPRYLQJ�GXSOLFDWHV��ORDG�WKH�NH\V�LQ�DQ
DUUD\��DQG�XVH�ELQDU\�RU�LQWHUSRODWLRQ�VHDUFK�WR�ORRN�LW�XS�IRU
HDFK�UHFRUG�LQ�/$5*(�

$OO�WKHVH�PHWKRGV�KDYH�DGYDQWDJHV�DQG�VKRUWFRPLQJV��EXW�DW�OHDVW
RQH�ZLOO�JHW�WKH�MRE�GRQH��<HW��KHUH�ZH�DUH�JRLQJ�WR�WU\�VRPHWKLQJ
HOVH��:LWK�VR�PDQ\�ZRUNLQJ�WHFKQLTXHV�WR�FKRRVH�IURP��ZK\



ERWKHU"�7KH�DQVZHU�LV�VLPSOH��%HFDXVH�WKHUH�LV�D�PXFK�IDVWHU�DQG
EHWWHU�ZD\�WR�GR�WKH�WULFN�
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�����6HTXHQWLDO��ELQDU\�DQG�LQWHUSRODWLRQ�WHFKQLTXHV�GLVFXVVHG�LQ�WKH
3DUW�,�RI�WKH�WXWRULDO�DUH�DOO�EDVHG�RQ�FRPSDULQJ�D�VHDUFK�NH\�WR
VRPH�NH\V�VWRUHG�LQ�WKH�DUUD\��7KH�PDLQ�JRDO�ZDV�WR�PLQLPL]H�WKH
DPRXQW�RI�FRPSDULVRQV��FRPSXWDWLRQV��DQG�GDWD�PRYHPHQW�
+RZHYHU��DOO�FRPSDULVRQ�EDVHG�PHWKRGV�DUH�SULQFLSDOO\�OLPLWHG�
8QOHVV�WKH�NH\V�DUH�GLVWULEXWHG�XQLIRUPO\��QRQH�FDQ�FRPSOHWH�D
OORNXS�LQ�IHZHU�LWHUDWLRQV�WKDQ�ELQDU\�VHDUFK�
�����7KH�RQO\�ZD\�WR�RYHUFRPH�WKH�OLPLWDWLRQ�LV�WR�GR�DZD\�ZLWK
FRPSDULVRQV�EHWZHHQ�NH\V�DQG�EDVH�VHDUFKLQJ�RQ�D�UDGLFDOO\
GLIIHUHQW�W\SH�RI�GDWD�RUJDQL]DWLRQ�NQRZQ�DV�GLUHFW�DUUD\
DGGUHVVLQJ��NH\�LQGH[LQJ��RU�GLVWULEXWLRQ�
�����,PDJLQH�WKDW�DOO�WKH�NH\V�DUH�RQH�GLJLW�QDWXUDO�QXPEHUV��+HQFH�
ZH�NQRZ�LQ�DGYDQFH�WKDW�QR�NH\�FDQ�DVVXPH�DQ\�YDOXHV�RWKHU�WKDQ
���������������������������DQG����6XSSRVH�WKDW�60$//�FRQVLVWV�RI�WKH
IROORZLQJ���UHFRUGV�
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/HW�XV�FUHDWH�DQ�DUUD\�+.(<�ZLWK�RQH�QRGH��ORFDWLRQ��DGGUHVV��IRU
HDFK�SRVVLEOH�NH\�YDOXH�
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1RZ��IRU�HYHU\�UHFRUG�IURP�60$//��OHW�XV�ORRN�DW�WKH�DUUD\�ORFDWLRQ
ZKRVH�LQGH[�HTXDOV�WKH�YDOXH�RI�WKH�.(<��,I�WKH�QRGH�LV�HPSW\��ZH
ZLOO�PRYH�6B6$7�LQWR�LW�
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�����:H�KDYH�SUHSDUHG�LV�D�NH\�LQGH[HG�WDEOH��FRPSULVLQJ�WZR�W\SHV
RI�HQWULHV��HPSW\�DQG�RFFXSLHG��1RWH�WKDW�E\�LQVHUWLQJ�D�VDWHOOLWH
LQWR�RQO\�LI�WKH�QRGH�LV�HPSW\��ZH�UHWDLQ�MXVW�WKH�ILUVW�LQVWDQFH�RI�WKH
VDWHOOLWH�FRUUHVSRQGLQJ�WR�D�UHSHDWLQJ�NH\�YDOXH��:LWKRXW�WKLV
FRQGLWLRQ��WKH�ODVW�LQVWDQFH�ZRXOG�EH�XVHG��(LWKHU�ZD\��DOO�GXSOLFDWH
NH\V�DUH�UHPRYHG�DXWRPDWLFDOO\�DV�WKH�WDEOH�LV�ORDGHG�
�����,I�60$//�KDV�QR�VDWHOOLWHV�RU�ZH�DUH�QRW�LQWHUHVWHG�LQ�SXOOLQJ
WKHP�LQWR�0$7&+��WKH�HQWULHV�RI�WKH�NH\�LQGH[HG�WDEOH�FRXOG�EH
PDUNHG�DV�RFFXSLHG�E\�PRYLQJ�D�QRQ�PLVVLQJ�YDOXH��IRU�LQVWDQFH����
LQWR�WKH�QRGH��2QFH�DJDLQ��GXSOLFDWH�NH\V�DUH�UHPRYHG�RQ�WKH�IO\�
����)URP�WKDW�SRLQW�RQ��WR�VHDUFK�IRU�D�NH\��ZH�VLPSO\�H[DPLQH�WKH
ORFDWLRQ�LQ�WKH�WDEOH�ZKRVH�LQGH[�LV�HTXDO�WR�WKH�NH\��,I�WKH�ORFDWLRQ
LV�HPSW\��WKH�NH\�LV�QRW�SUHVHQW�LQ�WKH�WDEOH��,I�LW�LV�RFFXSLHG��WKH
NH\�LV�IRXQG��DQG�WKH�FRQWHQWV�RI�WKH�QRGH�ZLOO�UHWXUQ�WKH
FRUUHVSRQGLQJ�VDWHOOLWH�LQWR�6B6$7��)RU�H[DPSOH��LI�ZH�DUH�ORRNLQJ
IRU�.(< ���WKH�VHDUFK�ZLOO�EH�XQVXFFHVVIXO�EHFDXVH�WKH�DGGUHVV���
RI�WKH�WDEOH�LV�HPSW\��7KH�QRGH����FRUUHVSRQGLQJ�WR�.(< ��LV
RFFXSLHG��VR�WKH�NH\�LV�IRXQG��DQG�WKH�VDWHOOLWH�LV�+.(<�.(<� ��
�����1RWLFH�WKDW�VHDUFKLQJ�LV�LPSOLFLWO\�LQFRUSRUDWHG�LQ�WKH�ORDGLQJ
SURFHVV��7R�DQVZHU��,V�WKH�QRGH�HPSW\"��ZH�DUH�LQ�HIIHFW
VHDUFKLQJ�WKH�WDEOH�WR�ILQG�RXW�ZKHWKHU�WKH�FXUUHQW�NH\�LV�SUHVHQW�LQ
WKH�WDEOH��,I�\HV��WKH�NH\�LV�GXSOLFDWH��DQG�WKH�QH[W�UHFRUG�LV
SURFHVVHG��)URP�WKH�QDWXUH�RI�WKH�SURFHGXUH��LW�LV�XQQHFHVVDU\�WR
VRUW�60$//��QRU�LW�LV�QHFHVVDU\�WR�LQVHUW�WKH�NH\V�WKHPVHOYHV��VLQFH
HIIHFWLYHO\�WKH�NH\V�DUH��LQVHUWHG��E\�PDNLQJ�WKH�ORFDWLRQV
FRUUHVSRQGLQJ�WR�WKHLU�YDOXHV�RFFXSLHG�
�����%DFN�WR�WKH�VDPSOH�SUREOHP��6XSSRVH�WKDW�WKH�NH\V�LQ�RXU�WHVW
ILOHV�KDYH�EHHQ�FUHDWHG�DV���GLJLW�QDWXUDO�QXPEHUV�E\�VHWWLQJ
1B5$1*(�WR��(���7KHUHIRUH��WKH�HQWLUH�XQLYHUVH�RI�WKHLU�SRVVLEOH
YDOXHV�LV�FRYHUHG�E\�WKH�VHW�RI�QDWXUDO�QXPEHUV�IURP���WR��������
VR�ZH�VKRXOG�DOORFDWH�WKH�NH\�LQGH[HG�WDEOH�DFFRUGLQJO\��8VLQJ�WKH

SURFHGXUH�GHVFULEHG�DERYH��PDWFKLQJ�WKH�ILOHV�FDQ�EH�LPSOHPHQWHG
DV�IROORZV�
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�����:H�FDQ�SODLQO\�VHH�IURP�WKH�QDWXUH�RI�WKH�DOJRULWKP�WKDW�QR
RWKHU�H[LVWLQJ�ORRNXS�PHWKRG�LV�VLPSOHU�RU�FDQ�UXQ�IDVWHU�WKDQ�NH\�
LQGH[LQJ��,W�FRPSOHWHV�DQ\�VHDUFK��VXFFHVVIXO�RU�QRW��ZLWKRXW
FRPSDULQJ�DQ\�NH\V�E\�XVLQJ�D�VLQJOH�DUUD\�UHIHUHQFH��,Q�DGGLWLRQ�
NH\�LQGH[HG�VHDUFK�KDV�DQ�LPSRUWDQW�SURSHUW\��,WV�VSHHG�GRHV�QRW
GHSHQG�RQ�WKH�QXPEHU�RI�NH\V��LQVHUWHG��LQWR�WKH�WDEOH��5HJDUGOHVV
RI�ZKHWKHU�60$//�FRQWDLQV����RU�����������NH\V��RQH�DFW�RI�NH\�
LQGH[HG�VHDUFK�WDNHV�SUHFLVHO\�WKH�VDPH�WLPH�
���-XVW�WR�JHW�D�IHHOLQJ�ZKDW�NH\�LQGH[HG�VHDUFK�LV�FDSDEOH�RI��KHUH
LV�DQ�H[SHULPHQWDO�WDEOH��,W�FRPSDUHV�WKH�SHUIRUPDQFH�RI�NH\�
LQGH[LQJ�LQ�ERWK�ORDG�DQG�VHDUFK�SKDVHV�WR�WKDW�RI�IRUPDWWLQJ�DQG
64/��XVLQJ�64;-+6+�MRLQ�PHWKRG��IRU�1B/$5*(� ���������������
0+]�3�,,�17�ZRUNVWDWLRQ�UXQQLQJ�6$6�YHUVLRQ�������WKH�WLPHV�DUH
JLYHQ�LQ�VHFRQGV��PHPRU\�XVDJH���LQ�PHJDE\WHV���1RWH�WKDW�LQ�DOO
UHVXOW�WDEOHV�SUHVHQWHG�LQ�WKH�SDSHU��PHPRU\�XVDJH�LV�VKRZQ�DV
JLYHQ�E\�17�WDVN�PDQDJHU��VR�WKH�DFWXDO�PHPRU\�FRQVXPSWLRQ�E\�D
VWHS�LV�ORZHU�E\���WR���PHJDE\WHV�RFFXSLHG�E\�WKH�6$6�VHVVLRQ�
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�����$V�ZH�VHH��NH\�LQGH[LQJ�FRPSOHWHO\�GRPLQDWHV�WKH�FRPSHWLWLRQ�
1RW�RQO\�LW�LV�DOZD\V�PRUH�WKDQ���WLPHV�IDVWHU�WKDQ�LWV�FORVHVW
FRPSHWLWRU��LW�ZRXOG��LQ�IDFW��DOVR�UXQ���WLPHV�IDVWHU�WKDQ�0(5*(�LI
ERWK�ILOHV�ZHUH�DOUHDG\�VRUWHG�
�����7KH�TXHVWLRQ�LV��LI�NH\�LQGH[HG�VHDUFK�LV�WKDW�JRRG��ZK\�QRW
IRUJHW�HYHU\WKLQJ�HOVH�DQG�XVH�LW�DW�DOO�WLPHV"�7KH�IO\�RQ�WKH
RLQWPHQW�RI�NH\�LQGH[HG�VHDUFK�LV�WKDW�LW�LV�RQO\�DSSOLFDEOH�ZKHQ
ORRNXS�NH\V�DUH�LQWHJHUV�IDOOLQJ�LQ�D�OLPLWHG�UDQJH��RU�LI�WKH\�FDQ�EH
UDSLGO\�FRQYHUWHG�WR�VXFK�LQWHJHUV��2XU�WHVW�NH\V�DUH�VL[�GLJLW
QDWXUDO�QXPEHUV��VR�WKHUH�DUH�RQO\�����������GLVWLQFW�YDOXHV�D�JLYHQ
NH\�FDQ�DVVXPH��DQG�DUUD\�VSDFH�FDQ�EH�DOORFDWHG�IRU�DOO�RI�WKHP�DW



WKH�H[SHQVH�RI�PHUH���0%�RI�PHPRU\��*LYHQ�HQRXJK�PHPRU\��RQH
FRXOG�SUREDEO\�JHW�DZD\�ZLWK�VHYHQ�GLJLW�NH\V��%XW�LI�WKH�NH\V
UHSUHVHQWHG���GLJLW�VRFLDO�VHFXULW\�QXPEHUV��DQ�DUUD\�ZLWK���ELOOLRQ
HOHPHQWV�ZRXOG�EH�QHHGHG��ZKLFK�LV�DOPRVW�LPSRVVLEOH��ZKLOVW����
GLJLW�FUHGLW�FDUG�QXPEHUV�ZRXOG�PDNH�NH\�LQGH[LQJ�XQIHDVLEOH��7KH
VLWXDWLRQ�LV�HYHQ�ZRUVH�LQ�WKH�FDVH�RI�����UDGL[�FKDUDFWHU�NH\V��DV
WKH�GHFLPDOV�UHSUHVHQWLQJ�WKHP�JURZ�EH\RQG�SK\VLFDOO\�SRVVLEOH
DUUD\�VL]HV�DW�RQO\���E\WHV�RI�OHQJWK��2Q�WKH�RWKHU�KDQG��LQ�PDQ\
UHDO�ZRUOG�VLWXDWLRQV�NH\�GDWD�GR�IDOO�LQ�D�OLPLWHG�LQWHJHU�UDQJH��,Q
VXFK�FDVHV��NH\�LQGH[LQJ��ZLWK�LWV�EOD]LQJ�VSHHG�DQG�VLPSOLFLW\��LV
EH\RQG�FRPSHWLWLRQ��+HUH�DUH�VRPH�H[DPSOHV�

��� 6$6�GDWH�YDOXHV��$Q\�SUDFWLFDO�GDWH�UDQJH�FDQ�EH�FRYHUHG�E\�D
OLPLWHG�LQWHJHU�UDQJH��)RU�LQVWDQFH��D�NH\�LQGH[HG�WDEOH�VL]HG
DV�>��������������@�ZLOO�DFFRXQW�IRU�DOO�6$6�GDWHV�XS�WR�WKH
�WK�PLOOHQLXP�XVLQJ�RQO\���0%�RI�PHPRU\�

��� 6$6�WLPH�YDOXHV��$Q�DUUD\�VL]HG�DV�>�������@�ZLOO�VXIILFH�WR
NH\�LQGH[�DQ\�6$6�WLPH�YDOXH�

��� ,&'��&37��FRGHV�DUH�VKRUW��PDLQO\�GLJLWDO��VWULQJV��,I�VRPH
FKDUDFWHU�LV�D�OHWWHU��LW�FDQ�EH�FRQYHUWHG�LQWR�D�QXPEHU�LQ�����
UDQJH��WKH�LGHD�EHORQJV�WR�'RQ�6WDQOH\��

��� ��E\WH�DOSKDQXPHULF�NH\V�ZLOO�PDS�RQWR�WKH�UDQJH�>�����@�DV
5$1.�.(<���,1387�.(<�3,%����ZLOO�PDS�DOO���E\WH�NH\V�PDS
RQWR�WKH�UDQJH�>�������@�

��� $Q\�IUDFWLRQDO�NH\V�WKDW�UHVXOW�LQ�OLPLWHG�UDQJH�LQWHJHUV�ZKHQ
PXOWLSOLHG�E\�D�VXLWDEOH�FRQVWDQW�

0RVW�LPSRUWDQWO\��KRZHYHU��WKH�LGHD�RI�GLUHFW�DGGUHVVLQJ�RQ�ZKLFK
NH\�LQGH[LQJ�LV�EDVHG�FDQ�EH�JHQHUDOL]HG�WR�HPEUDFH�NH\V�RI�DQ\
W\SH�DQG�UDQJH�UHVXOWLQJ�LQ�D�FODVV�RI�VHDUFK�PHWKRGV�FDOOHG
KDVKLQJ��+DVKLQJ�UHWDLQV�WKH�SHUIRUPDQFH�DGYDQWDJHV�RI�NH\�
LQGH[LQJ�ZLWKRXW�UHTXLULQJ�XQUHDOLVWLF�PHPRULHV�

��������72�+$6+,1*

�����%RWK�WKH�VSHHG�DQG�OLPLWHG�DSSOLFDELOLW\�RI�NH\�LQGH[LQJ�VWHP
IURP�WKH�IROORZLQJ�

��� 7KH�ORRNXS�WDEOH�LV�DFFHVVHG�YLD�GLUHFW�DGGUHVVLQJ�
��� 7KH�HQWLUH�XQLYHUVH�RI�SRVVLEOH�NH\�YDOXHV�LV�DGGUHVVDEOH��7KDW

LV��D�VHSDUDWH�DUUD\�QRGH�PXVW�EH�DOORFDWHG�IRU�HDFK�SRVVLEOH
YDOXH�D�NH\�PD\�DVVXPH�

��� 1R�FRPSDULVRQV�EHWZHHQ�NH\V�DUH�PDGH�

�����,Q�RUGHU�WR�SUHVHUYH�WKH�VSHHG�RI�NH\�LQGH[LQJ��ZH�VKRXOG
SUHVHUYH�WKH�LGHD�RI�GLUHFW�DGGUHVVLQJ�DQG��WKHUHIRUH��VWD\�ZLWK����
+RZHYHU��LI�ZH�QHHG�WR�SURFHVV�NH\V�IDOOLQJ�LQ�DQ\�UDQJH��WKHUH�LV
QR�RWKHU�RSWLRQ�WKDQ�WR�DEDQGRQ�WKH�UHVWULFWLRQ�LPSRVHG�E\�����$V
LW�WXUQV�RXW��WKH�RQO\�ZD\�WR�DFFRPSOLVK�LW�LV�WR�SDUW�ZLWK����DV�ZHOO�
E\�DOORZLQJ�FHUWDLQ�DPRXQW�RI�FRPSDULVRQV�EHWZHHQ�NH\V��7R�VHH
KRZ�LW�LV�SRVVLEOH��LPDJLQH�WKDW�60$//�FRQWDLQV�MXVW����NH\V�

���������������������������������������

7KH�NH\V�DUH���GLJLW��VR�LQ�RUGHU�WR�XVH�NH\�LQGH[LQJ�ZH�ZRXOG�KDYH
WR�DOORFDWH�D�NH\�LQGH[HG�DUUD\�VL]HG�DV�>�����@�DQG�PDS�HDFK�NH\
WR�WKH�DUUD\�QRGH�FRUUHVSRQGLQJ�WR�LWV�YDOXH��2XW�RI������WDEOH
QRGHV��RQO\����ZLOO�EH�RFFXSLHG�ZKLOH�WKH�PHPRU\�DOORFDWHG�WR�WKH
UHVW�RI�WKH�QRGHV�ZLOO�EH�VLPSO\�ZDVWHG�
�����7KH�TXHVWLRQ�LV��FDQ�ZH�JHW�DZD\�ZLWK�D�VPDOOHU�WDEOH�RI�D
UHDVRQDEOH�VL]H��RQO\�VRPHZKDW�ODUJHU�WKDQ�WKH�QXPEHU�RI�NH\V�
DQG�VWLOO�EH�DEOH�WR�FDSLWDOL]H�RQ�GLUHFW�DGGUHVVLQJ"�7KH�DQVZHU�LV
�\HV���/HW�XV�FKRRVH�VRPH�QXPEHU�+6,=(�VRPHZKDW�JUHDWHU�WKDQ
WKH�QXPEHU�RI�NH\V�1B60$//��IRU�LQVWDQFH��+6,=( ����DQG�DOORFDWH
D�WHPSRUDU\�DUUD\�VL]HG�DV�+.(<��������/HW�XV�DJUHH�WR�FDOO�WKH
DUUD\�+.(<�WKH�KDVK�WDEOH��+6,=(���WKH�KDVK�WDEOH�VL]H��DQG�WKH
UDWLR�1B60$//�+6,=(���WKH�ORDG�IDFWRU��7KXV��WKH�ORDG�IDFWRU�VKRZV
WKH�QXPEHU�RI�ORRNXS�NH\V�UHODWLYH�WR�WKH�WRWDO�QXPEHU�RI�QRGHV�LQ

WKH�KDVK�WDEOH��LQ�RWKHU�ZRUGV��KRZ�VSDUVH�WKH�KDVK�WDEOH�LV��,Q�RXU
H[DPSOH��WKH�ORDG�IDFWRU�HTXDOV��������WKDW�LV��WKH�KDVK�WDEOH�LV
DERXW����SHUFHQW�VSDUVH�
�����,W�ZRXOG�EH�PDJQLILFHQW�LI�ZH�FRXOG�XVH�VRPH�IDVW�IXQFWLRQ
+�.(<��WKDW�ZRXOG�WDNH�D�NH\�DV�DQ�DUJXPHQW�DQG�UHWXUQ�DQ
DGGUHVV�LQWR�+.(<��XQLTXH�WR�HDFK�NH\�VXSSOLHG��7KLV�ZD\��+�.(<�
ZRXOG�PDS�HDFK�NH\�WR�LWV�RZQ�ORFDWLRQ�LQ�+.(<�LQ�RQH�WR�RQH
PDQQHU��,I�VXFK�IXQFWLRQ��FDOOHG�D�SHUIHFW�KDVK�IXQFWLRQ��ZHUH
DYDLODEOH��ZH�ZRXOG�KDYH�WR�GR�QRWKLQJ�HOVH�EXW�SOXJ�LW�LQ�WKH�FRGH
IRU�NH\�LQGH[HG�VHDUFK��6XFK�IXQFWLRQV�DUH�SRVVLEOH��WKH\�DUH�TXLWH
GLIILFXOW�WR�GLVFRYHU��DQG�RQFH�GLVFRYHUHG��D�SHUIHFW�KDVK�IXQFWLRQ
FDQ�RQO\�EH�XVHG�IRU�WKH�VDPH�VHW�RI�NH\V�
�����:H�FDQ�REWDLQ�D�PXFK�PRUH�IOH[LEOH�PHWKRG�LI�ZH�JLYH�XS�WKH
UHTXLUHPHQW�RI�RQH�WR�RQH�UHODWLRQVKLS�EHWZHHQ�WKH�NH\V�DQG�WDEOH
DGGUHVVHV�DQG�WKXV�SHUPLW�+�.(<��WR�PDS�WZR�GLVWLQFW�NH\V�WR�WKH
VDPH�ORFDWLRQ�LQ�+.(<��+RZHYHU��LI�WZR�GLIIHUHQW�NH\V�DUH�VHQW�WR
WKH�VDPH�KDVK�DGGUHVV��D�SKHQRPHQRQ�WHUPHG�D�FROOLVLRQ�RFFXUV�
DQG�ZH�PXVW�LQYRNH�VRPH�FROOLVLRQ�UHVROXWLRQ�SROLF\�LQ�RUGHU�WR�WHOO
WKH�NH\V�DSDUW�LQ�WKH�SURFHVV�RI�LQVHUWLRQ�DQG�RU�VHDUFK�
�����7KXV��ZH�DUULYH�DW�WKH�FRUH�FRQFHSW�EHKLQG�KDVKLQJ��,I�WKH�KDVK
IXQFWLRQ�+�.(<��LV�FRQVWUXFWHG�LQ�VXFK�D�ZD\�WKDW�RQO\�D�IHZ�NH\V
JHW�PDSSHG�WR�D�SDUWLFXODU�KDVK�DGGUHVV�+��ZH�FDQ�HPSOR\�WKH
IROORZLQJ�VWUDWHJ\�

��� *LYHQ�D�VHDUFK�NH\�.(<��XVH�+�.(<��WR�KDVK�.(<�WR�VRPH
DGGUHVV�+�LQ�WKH�WDEOH�

��� ,I�WKH�DGGUHVV�+�LV�HPSW\��WKH�VHDUFK�LV�XQVXFFHVVIXO�
��� ,I�WKH�DGGUHVV�LV�RFFXSLHG��VHDUFK�WKH�NH\V�UHVLGLQJ�DW�+

VHTXHQWLDOO\�

$V�ZH�VHH��KDVKLQJ�LV�D�W\SLFDO�K\EULG�DOJRULWKP��,W�FRPELQHV�GLUHFW
DGGUHVVLQJ�ZLWK�VHTXHQWLDO�VHDUFK��D�PHWKRG�EDVHG�RQ�FRPSDULVRQV
EHWZHHQ�NH\V��7KH�DYHUDJH�QXPEHU�RI�NH\V�PDSSLQJ�WR�DQ\�KDVK
QRGH�HTXDOV�1B60$//�+6,=(��L�H��WKH�ORDG�IDFWRU��7KHUHIRUH��ZH
VKRXOG�H[SHFW�WKDW�LI�WKH�KDVK�WDEOH�LV�QRW�IXOO�DQG�WKH�KDVK�IXQFWLRQ
VSUHDGV�WKH�NH\V�XQLIRUPO\��WKH�DYHUDJH�QXPEHU�RI�NH\�FRPSDULVRQV
UHTXLUHG�WR�HLWKHU�ILQG�RU�UHMHFW�D�VHDUFK�NH\�VKRXOG�EH�OHVV�WKDQ���
:H�VKRXOG�DOVR�H[SHFW�WKDQ�WKH�VSDUVHU�LV�WKH�KDVK�WDEOH��WKH�IDVWHU
KDVKLQJ�ZLOO�UXQ���1XPHURXV�H[SHULPHQWDO�UHVXOWV�FRUURERUDWH�WKLV
FRQFOXVLRQ����6R��LQ�RUGHU�WR�XVH�D�KDVK�WDEOH��ZH�KDYH�WR�

��� &KRRVH�D�SURSHU�KDVK�IXQFWLRQ�+�.(<��
��� )LQG�DQ�HIILFLHQW�ZD\�WR�UHVROYH�FROOLVLRQV�

�����$SSDUHQWO\��WKH�HIILFLHQF\�RI�KDVKLQJ�KHDYLO\�GHSHQGV�RQ
FKRRVLQJ�D�GHFHQW�KDVK�IXQFWLRQ��:KDW�SURSHUWLHV�VKRXOG�VXFK�D
IXQFWLRQ�SRVVHVV"�7KH�TXHVWLRQ�ZLOO�EH�HDVLHU�WR�DQVZHU�LI�ZH�ILQG
RXW�ILUVW�ZKDW�D�EDG�KDVK�IXQFWLRQ�ZRXOG�GR�
�����2Q�RQH�H[WUHPH��LI�ZH�KDG�D�OLJKWQLQJ�IDVW�IXQFWLRQ�PDSSLQJ�DOO
WKH�NH\V��RU�WKHLU�PDMRULW\��WR�WKH�VDPH�KDVK�DGGUHVV��LW�ZRXOG
FHUWDLQO\�KDYH�WR�EH�FRQVLGHUHG�WHUULEOH��,W�ZRXOG�GHI\�WKH�YHU\
SXUSRVH�RI�GLVWULEXWLQJ�WKH�NH\V�DPRQJ�GLIIHUHQW�DGGUHVVHV��VLQFH
WKHQ�ZH�ZRXOG�KDYH�WR�VHDUFK�DOO�WKHVH�NH\V�VHTXHQWLDOO\��+HQFH��LW
LV�SDUDPRXQW�WKDW�D�JRRG�KDVK�IXQFWLRQ�VKRXOG�PDS�WKH�NH\V�HYHQO\
DFURVV�DOO�KDVK�WDEOH�QRGHV��ZLWKRXW�EXUGHQLQJ�VRPH�DGGUHVVHV�ZLWK
KXJH�FOXVWHUV�OHDYLQJ�WKH�UHVW�RI�WKH�DGGUHVVHV�HPSW\�
�����2Q�WKH�RWKHU�H[WUHPH��LI�ZH�KDG�D�IXQFWLRQ�WKDW�ZRXOG�PDS�WKH
NH\V�H[WUHPHO\�XQLIRUPO\�EXW�UHTXLUH�VORZ�FRPSXWDWLRQV��LW�ZRXOG
QRW�EH�RI�DQ\�JRRG�XVH��HLWKHU��VLQFH�LQ�WKLV�FDVH��WKH�SURFHVV�RI
GLUHFW�DGGUHVVLQJ�LWVHOI�ZRXOG�EHFRPH�D�ERWWOHQHFN��+HQFH��ZH�FDQ
QRZ�IRUPXODWH�VRPH�UDWLRQDO�UHTXLUHPHQWV�D�JRRG�KDVK�IXQFWLRQ
VKRXOG�VDWLVI\�

��� ,WV�FRPSXWDWLRQ�VKRXOG�EH�DV�IDVW�DV�SRVVLEOH�
��� ,W�VKRXOG�GLVWULEXWH�WKH�NH\V�XQLIRUPO\�WR�PLQLPL]H�FROOLVLRQV�
��� ,W�PXVW�UHWXUQ�DGGUHVVHV�LQ�WKH�UDQJH�IURP���WR�+6,=(�

7KHUH�LV�D�QXPEHU�RI�PDSSLQJ�WHFKQLTXHV�VDWLVI\LQJ�WKHVH
UHTXLUHPHQWV��IRU�LQVWDQFH��VHH�>�@���,Q�WKLV�SDSHU��ZH�ZLOO�GLVFXVV



MXVW�WKH�VLPSOHVW��FDOOHG�WKH�GLYLVLRQ�PHWKRG��ZKLFK�PDNHV�XVH�RI
WKH�UHPDLQGHU�PRGXOR�

+� �02'��.(<��+6,=(��

,W�FHUWDLQO\�ILWV�����VLQFH�QR�PDWWHU�ZKDW�WKH�YDOXH�RI�.(<�LV��WKLV
IXQFWLRQ�DOZD\V�UHWXUQV�DQ�LQWHJHU�LQ�WKH�UDQJH�IURP���WR�+6,=(���
,W�DOVR�VDWLVILHV�WKH�UHTXLUHPHQW�����IRU�DOWKRXJK�LW�LPSOLFLWO\
LQFRUSRUDWHV�D�GLYLVLRQ��LWV�FRPSXWDWLRQ�LV�UHDVRQDEO\�IDVW��+RZHYHU�
WR�VDWLVI\�����WKH�YDOXH�IRU�+6,=(�PXVW�EH�FKRVHQ�UDWKHU�FDUHIXOO\�
6XSSRVH�WKDW�5�LV�WKH�UDGL[�RI�WKH�FKDUDFWHU�VHW��DQG�;�DQG�<���VPDOO
LQWHJHUV��,W�FDQ�EH�VKRZQ�WKDW�LI�+6,=(�LV�VHOHFWHG�DV�D�SULPH
QXPEHU�VXFK�WKDW�5

;�LV�QRW�HTXDO�WR�<��WKH�NH\V�ZLOO�EH�VSUHDG
VDWLVIDFWRULO\��7KHUHIRUH��WKH�IROORZLQJ�SURFHGXUH�RI�VHOHFWLQJ�+6,=(
FDQ�EH�UHFRPPHQGHG�

��� 6HOHFW�WKH�WDUJHW�ORDG�IDFWRU��W\SLFDOO\�LQ�WKH�UDQJH�IURP�����WR
�����.HHS�LQ�PLQG�WKDW�DOWKRXJK�VPDOOHU�ORDG�IDFWRUV�LPSURYH
SHUIRUPDQFH��WKH\�OHDG�WR�SURSRUWLRQDOO\�KLJKHU�PHPRU\
FRQVXPSWLRQ��'HSHQGLQJ�RQ�WKH�FROOLVLRQ�UHVROXWLRQ�SROLF\��WKH
ORDG�IDFWRU�FDQ�EH�FKRVHQ�DV�KLJK�DV���

��� 'LYLGH�1B60$//�E\�WKH�WDUJHW�ORDG�IDFWRU�DQG�FRPSXWH�WKH
UHPDLQGHU�

��� &KRRVH�+6,=(�DV�WKH�VPDOOHVW�SULPH�QXPEHU�JUHDWHU�WKDQ�RU
HTXDO�WR�WKH�UHVXOW�

��� 7KH�DFWXDO�ORDG�IDFWRU��LQ�PRVW�FDVHV�MXVW�VOLJKWO\�JUHDWHU�WKDQ
WKH�WDUJHW��QRZ�HTXDOV�1B60$//�+6,=(�

�����/HW�XV�VHH�KRZ�LW�ZRUNV�IRU�RXU�VHW�RI����NH\V��,I�ZH�FKRRVH�WKH
WDUJHW�ORDG�IDFWRU�DV�������DQG�GLYLGH�LW�LQWR�WKH�QXPEHU�RI�NH\V�
����ZH�ZLOO�REWDLQ�����7KH�ILUVW�SULPH�JUHDWHU�RU�HTXDO�WR����LV����
VR�LW�LV�VHOHFWHG�DV�+6,=(��7KH�DFWXDO�ORDG�IDFWRU�LV�QRZ������� 
�������:H�VKRXOG�WKHUHIRUH�DOORFDWH�D�KDVK�WDEOH�DV

$55$<�+.(<��������B7(0325$5<B�

7R�REWDLQ�KDVK�DGGUHVVHV��ZH�GLYLGH�HDFK�NH\�E\�+6,=( ���
FRPSXWH�WKH�UHPDLQGHU�+�DQG�LQVHUW�.(<�LQWR�WKH�VORW���+�
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$V�ZH�VHH��WKH�NH\V���������������������DQG�����ZHUH�PDSSHG
XQLTXHO\��+RZHYHU��WKH�NH\V�����DQG�����SURGXFHG�D�VLQJOH�FROOLVLRQ
DW�WKH�DGGUHVV�����DQG�WKH�NH\V�����������DQG�����UHVXOWHG�LQ�D
GRXEOH�FROOLVLRQ�LQ�WKH�QRGH�����,I�WKLV�WDEOH�ZHUH�WR�EH�VWRUHG�LQ
PHPRU\�DQG�VXEVHTXHQWO\�VHDUFKHG��WKH�FROOLVLRQV�DW�WKH�ORFDWLRQV
���DQG����ZRXOG�KDYH�WR�EH�UHVROYHG��,QVWHDG�RI�GHWHUPLQLQJ�+6,=(
E\�KDQG�DQG�RU�UHIHUULQJ�WR�D�WDEOH�RI�SULPHV��+6,=(�FDQ�EH
REWDLQHG�G\QDPLFDOO\��VWRUHG�LQ�D�PDFUR�YDULDEOH��DQG�XVHG�WR�VL]H�D
KDVK�WDEOH�
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������$V�ZH�DOUHDG\�NQRZ��VHOHFWLQJ�D�GHFHQW�KDVK�IXQFWLRQ�LV�MXVW
RQH�SDUW�RI�WKH�GHDO��1R�PDWWHU�KRZ�JRRG�WKH�IXQFWLRQ�LV��LW�LV
SUDFWLFDOO\�JXDUDQWHHG�WKDW�VRPH�NH\V�ZLOO�KDVK�WR�WKH�VDPH
DGGUHVVHV�LQ�WKH�WDEOH��VR�ZH�KDYH�WR�GHYLVH�D�PHWKRG�RI�UHVROYLQJ
WKHVH�FROOLVLRQV��7KLV�LV�DQRWKHU�SRLQW�ZKHUH�KDVKLQJ�GHYLDWHV�IURP
NH\�LQGH[LQJ��:H�QHHGHG�QRW�VWRUH�WKH�NH\V�LQ�D�NH\�LQGH[HG�WDEOH�
VLQFH�LWV�QRGHV�LGHQWLILHG�WKH�NH\V�XQLTXHO\��DQG�WKH\�ZHUH�QRW
FRPSDUHG��7R�UHVROYH�FROOLVLRQV�LQ�KDVKLQJ��WKH�NH\V�WKHPVHOYHV
PD\�KDYH�WR�EH�LQVHUWHG�LQWR�WKH�KDVK�WDEOH�EHFDXVH�WKH\�ZLOO�KDYH
WR�EH�FRPSDUHG�WR�D�JLYHQ�VHDUFK�NH\�XQOHVV�LW�KDVKHV�WR�DQ�HPSW\
DGGUHVV��'LIIHUHQW�FROOLVLRQ�UHVROXWLRQ�SROLFLHV�GLIIHU�LQ�WKH�ZD\V�E\
PHDQV�RI�ZKLFK�FROOLGLQJ�NH\V�DUH�VWRUHG��OLQNHG�WRJHWKHU��DV
EHORQJLQJ�WR�WKH�VDPH�DGGUHVV���DQG�WUDYHUVHG�

�����6HSDUDWH�&KDLQLQJ

�����2QH�ZD\�RI�UHVROYLQJ�FROOLVLRQV�QDWXUDOO\�VXJJHVWV�LWVHOI�RQFH�ZH
ORRN�DW�WKH�GLVWULEXWLRQ�RI�RXU����NH\V�DPRQJ�WKH�DGGUHVVHV�RI�WKH
���QRGH�KDVK�WDEOH�VKRZQ�LQ�WKH�SUHYLRXV�VHFWLRQ��.H\V�DWWDFKHG�WR
WKHLU�UHVSHFWLYH�DGGUHVVHV�IRUP�YLVLEOH��FKDLQV���FRQVLVWLQJ�RI�D
VLQJOH�NH\�LQ�WKH�DEVHQFH�RI�FROOLVLRQV���0DNLQJ�XVH�RI�VXFK�FKDLQV�WR
UHVROYH�FROOLVLRQV�LV�FDOOHG�FROOLVLRQ�UHVROXWLRQ�E\�VHSDUDWH�FKDLQLQJ�
�����7KHUH�DUH�WZR�ZD\V�WKH�FKDLQV�RI�NH\V�FDQ�EH�XWLOL]HG�LQ�WHUPV
RI�WKH�6$6�'$7$�VWHS��)LUVW��WKH�NH\V�FRPSULVLQJ�WKH�FKDLQV�FRXOG
EH�VWRUHG�RXWVLGH�WKH�KDVK�WDEOH�E\�SK\VLFDOO\�SODFLQJ�WKHP�LQ�WKH
RFFXUUHQFHV�RI�D�WZR�GLPHQVLRQDO�DUUD\��7KLV�ZD\��WKH�PHPRU\�IRU
FROOLGLQJ�NH\V�LV�DOORFDWHG�VHTXHQWLDOO\��,Q�RUGHU�WR�IROORZ�WKLV�SDWK�
WKH�OHQJWK�RI�WKH�ORQJHVW�FKDLQ�PXVW�EH�SUHGHWHUPLQHG�XVLQJ�D
VHSDUDWH�SDVV�WKURXJK�60$//��RWKHUZLVH�LW�ZLOO�QRW�EH�SRVVLEOH�WR
VL]H�WKH�VHFRQG�GLPHQVLRQ�RI�WKH�DUUD\�H[DFWO\��+RZHYHU��WKH�H[WUD
UHDG�WKURXJK�WKH�ILOH�60$//��ZKLFK�LQ�UHDOLW\�FDQ�EH�TXLWH�VL]DEOH��LV
D�PLQRU�SUREOHP��$�UHDOO\�KXJH�GUDZEDFN�RI�WKLV�PHWKRG�RI�FKDLQLQJ
LV�SRRU�PHPRU\�XWLOL]DWLRQ��,I�ZH�KDYH��VD\����������NH\V�LQ�60$//
DQG�WKH�ORQJHVW�FKDLQ�FRQVLVWV�RI����NH\V��WKHUH�PD\�EH�MXVW�RQH
OLNH�WKDW����LW�ZLOO�EH�QHFHVVDU\�WR�DOORFDWH�D�WZR�GLPHQVLRQDO�DUUD\
VL]HG�DV������������������WR�UHVROYH�WKH�FROOLVLRQV��(YHQ�ZLWK�WKH
ORDG�IDFWRU����LW�UHTXLUHV����WLPHV�WKH�PHPRU\�WKH�NH\V�ZRXOG
RFFXS\�E\�WKHPVHOYHV��$QRWKHU�GLVDGYDQWDJH�RI�WKLV�DSSURDFK�LV
WKDW�LW�LV�GLIILFXOW�WR�ILQG�D�QRQ�FRQYROXWHG�ZD\�RI�KDQGOLQJ�WKH
VDWHOOLWHV�IURP�60$//�LQ�WKH�FDVH�WKH\�PXVW�EH�SXOOHG�DORQJ�ZLWK�WKH
PDWFKLQJ�NH\V��2Q�WKH�SRVLWLYH�VLGH��$��WKH�WZR�GLPHQVLRQDO
VHSDUDWH�FKDLQLQJ�LV�TXLWH�IDVW��DQG�%��LW�DOORZV�ORDG�IDFWRUV�JUHDWHU
WKDQ����6R��LI�JRRG�PHPRU\�XWLOL]DWLRQ�LV�QRW�D�SDUDPRXQW
FRQVLGHUDWLRQ��WKH�PHWKRG�FRXOG�EH�UHFRPPHQGHG���&RQWDFW�WKH
DXWKRU�IRU�WKH�GHWDLOV�RI�LPSOHPHQWDWLRQ���
�����+RZHYHU��VHSDUDWH�FKDLQLQJ�FDQ�EH�H[SORLWHG�LQ�D�PXFK�QHDWHU
IDVKLRQ��2QFH�WKH�SKLORVRSK\�RI�DOORFDWLQJ�WKH�VWRUDJH�IRU�FROOLGLQJ
NH\V�LV�FKDQJHG�IURP�VHTXHQWLDO�WR�OLQNHG���ZH�DUULYH�DW�DQ
H[WUHPHO\�HOHJDQW�FROOLVLRQ�UHVROXWLRQ�SROLF\��ERWK�YHU\�IDVW
�SUDFWLFDOO\�DV�IDVW�DV�WKH�WZR�GLPHQVLRQDO�FKDLQLQJ��DQG�UHDVRQDEO\
PHPRU\�HIILFLHQW�
�����7KH�FRUH�LGHD�KHUH�LV�WR�SODFH�WKH�FKDLQV�RI�FROOLGLQJ�NH\V�LQWR
WKH�KDVK�WDEOH�LWVHOI�DQG�FRPELQH�WKH�NH\V�KDVKLQJ�WR�WKH�VDPH
QRGH�LQWR�D�OLQNHG�OLVW�ZLWK�WKH�KHDG�UHVLGLQJ�DW�WKH�FROOLGLQJ
DGGUHVV��6HWWLQJ�WKH�ODVW�OLQN�RI�HDFK�FKDLQ�WR�QXOO�GHVLJQDWHV�WKH



HQG�RI�WKH�FKDLQ��WKXV�KHOSLQJ�XV�WHOO�ZKHUH�WR�VWRS�ZKHQ�WKH�OLVW�LV
WUDYHUVHG�VHULDOO\��6LQFH�WKH�OLQNHG�OLVWV�DUH�WKXV�DOORZHG�WR�RYHUODS
LQ�WKH�KDVK�WDEOH�VKDULQJ�WKH�VDPH�VWRUDJH�ORFDWLRQV��WKLV�DSSURDFK
LV�WHUPHG�FRDOHVFHG�OLVW�VHSDUDWH�FKDLQLQJ��RU��VKRUWHU��FRDOHVFHG
FKDLQLQJ��7R�PDNH�LW�SRVVLEOH��DOO�ZH�QHHG�LV�D�QXPHULF�DUUD\�RI�OLQN
LWHPV��VD\��/,1.��SDUDOOHO�WR�WKH�KDVK�WDEOH��1RWH���DQG�LW�LV
H[WUHPHO\�LPSRUWDQW����WKDW�LQ�RUGHU�IRU�FRDOHVFHG�OLVW�KDVKLQJ�WR
ZRUN��DW�OHDVW�RQH�HQWU\�LQ�WKH�WDEOH�PXVW�EH�HPSW\��2WKHUZLVH�LI
WKH�WDEOH�LV�IXOO��WKHUH�ZRXOG�EH�QR�URRP�WR�SODFH�WKH�ILQDO�QXOO�OLQN
QHHGHG�WR�WHUPLQDWH�WKH�WUDYHUVLQJ�ORRS��6LQFH�D�WDEOH�DOORFDWHG�DV
���+6,=(��KDV�+6,=(���HQWULHV��EXW�WKH�PRGXOR�EDVHG�KDVK
IXQFWLRQ�FDQ�DGGUHVV�RQO\�+6,=(�QRGHV��IURP���WR�+6,=(�����WKLV
GHPDQG�ZLOO�DOZD\V�EH�VDWLVILHG��,Q�FRDOHVFHG�FKDLQLQJ��ZH�ZLOO
DJUHH�WR�DOZD\V�OHDYH�WKH�DGGUHVV���HPSW\�E\�KDVKLQJ�NH\V�DV

02'��.(<��+6,=(������

7KDW�LV��LI�.(<�PRGXOR�+6,=(�LV��VD\������LW�ZLOO�EH�KDVKHG�WR�WKH
DGGUHVV�����$V�VWDWHG�DERYH��ZH�KDYH�WR�DOORFDWH�WZR�SDUDOOHO
DUUD\V��RQH�IRU�WKH�KDVK�WDEOH�LWVHOI�DQG�RQH�WR�KROG�WKH�OLQNV�

$55$<�+.(<����	+6,=(��B7(0325$5<B�
$55$<�/,1.����	+6,=(��B7(0325$5<B�

�1RZ�ZH�DUH�UHDG\�WR�VSHOO�D�GHWDLOHG�SODQ�RI�ORDGLQJ�WKH�WDEOH�

67(3����6HW�DQ�DX[LOLDU\�YDULDEOH�5�WR�WKH�WRS�DGGUHVV��5� �+6,=(�
67(3����+DVK��+� �02'�.(<�+6,=(������
67(3����,I�/,1.�+�� ����WKH�QRGH�LV�HPSW\��QR�OLVW�LV�DWWDFKHG�WR�LW�
*R�WR�VWHS���WR�LQVHUW�WKH�NH\�
67(3����2WKHUZLVH�WUDYHUVH�WKH�FKDLQ�WR�ILQG�LI�WKH�NH\�LV�DOUHDG\�LQ
WKH�WDEOH�
$��,I�.(<� �+.(<�+��WKH�NH\�LV�GXSOLFDWH��*HW�WKH�QH[W��NH\���DQG
UHWXUQ�WR�VWHS���
%��(OVH�,I�+.(<�+��LV�QRW����LW�LV�QRW�WKH�HQG�RI�WKH�OLVW�\HW��6HW�+� 
+/,1.�+��DQG�UHSHDW�VWHS���
67(3����)LQG�DQ�HPSW\�DGGUHVV�FORVHVW�WR�WKH�WRS��'HFUHPHQW�5
XQWLO�/,1.�5�� ��
67(3����6WRUH�WKH�NH\�DW�WKLV�DGGUHVV��+.(<�5�� �.(<�
67(3����0HPRUL]H�ZKHUH�.(<�DFWXDOO\�EHORQJV��/,1.�+�� �5��+� �5�
67(3����,QVHUW�.(<�LQWR�WKH�DGGUHVV�+�DQG�VHW�LWV�OLQN�WR�QXOO�
+.(<�+�� �.(<��/,1.�+�� ����1RZ�WKH�QRGH�LV�RFFXSLHG�

/HW�XV�VHH�ZKDW�NLQG�RI�OLQNHG�OLVW�KDVK�WDEOH�ZLOO�EH�FRQFRFWHG�E\
WKLV�SURFHVV�IRU�WKH�VHW�RI�RXU����UDQGRP�NH\V�DQG�+6,=(� ����
7KDW�VKRXOG�PDNH�WKH�FRQFHSW�PRUH�WUDQVSDUHQW��+HUH�LV�KRZ�WKH
ILQDO�ORDGHG�ORRNV�OLNH�
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�����7KH�FROOLGLQJ�NH\V�DUH�VKRZQ�LQ�EROGIDFH��/HW�XV�WDNH�D�ORRN�DW
WKH�ILQDO�VWDJH�RI�WKH�ORDGHG�WDEOH�WR�UHYHDO�KRZ�WKH�FROOLVLRQV�DUH

KDQGOHG��7KH�NH\V�����������DQG�����DOO�KDVK�WR�WKH�VDPH�DGGUHVV
����7KH�ILUVW�NH\�RI�WKH�FKDLQ�������PXVW�EH�VWRUHG�DW�WKLV�DGGUHVV�
DQG�WKHUH�LW�LV��7KH�OLQN�RI�WKH�DGGUHVV����LV�QRW����KHQFH��LW�LV�QRW
WKH�HQG�RI�WKH�OLVW��,QVWHDG��/,1.����� �����7KLV�LV�WKH�QRGH�ZKHUH
WKH�QH[W�NH\�LQ�WKH�FKDLQ�������PXVW�UHVLGH��DQG�LW�LV�WKHUH��LQGHHG�
%XW�RQFH�DJDLQ��WKH�OLVW�PXVW�FRQWLQXH�EHFDXVH�WKH�DGGUHVV���
FRQWDLQV�D�QRQ�]HUR�OLQN��/,1.����� �����)LQDOO\��ZH�ILQG�WKH�NH\
����LQ�WKH�QRGH�����DQG�LW�LV�WKH�ODVW�NH\�FROOLGLQJ�DW�WKH�KDVK
DGGUHVV�����IRU�/,1.����� ���
�����/LNHZLVH��WKH�NH\V�����DQG�����ERWK�KDVK�WR�WKH�DGGUHVV����
/RRNLQJ�DW�WKLV�QRGH�ZH�ILQG�WKDW�LW�LV�H[DFWO\�ZKHUH�����KDV�EHHQ
LQVHUWHG��+RZHYHU��/,1.�����SRLQWV�WR�WKH�QRGH����FRQWDLQLQJ�WKH
NH\������WKH�ODVW�NH\�LQ�WKLV�OLQNHG�OLVW�VLQFH�WKH�QRGH�LV�PDUNHG�E\�D
QXOO�OLQN��/,1.����� ���
�����$V�RSSRVHG�WR�FROOLGLQJ�NH\V��WKH�NH\V�KDVKLQJ�WR�WKHLU�DGGUHVVHV
XQLTXHO\�EXPS�LQ�D�QXOO�OLQN�DW�RQFH��)RU�H[DPSOH��WKH�NH\����
KDVKHV�WR�WKH�DGGUHVV�����ZLWK�/,1.����� ���
�����$W�WKLV�SRLQW��LW�VKRXOG�EH�FU\VWDO�FOHDU�KRZ�WKLV�NLQG�RI�WDEOH
RUJDQL]DWLRQ�IDFLOLWDWHV�VHDUFKLQJ��6XSSRVH�WKDW�ZH�QHHG�WR�ORRN�IRU
.(<� ������7KLV�YDOXH�PRGXOR����LV����WKHUHIRUH�LW�KDVKHV�WR�WKH
DGGUHVV�����$W�WKLV�DGGUHVV��WKH�OLQN�ILHOG�/,1.�����LV�PLVVLQJ��7KDW
PHDQV�WKDW�QRQH�RI�WKH�NH\V�LQ�WKH�WDEOH�KDV�HYHU�KDVKHG�WR�WKLV
DGGUHVV��ZKLFK�LPPHGLDWHO\�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�WKH�NH\�LV
QRW�LQ�WKH�WDEOH��+RZHYHU��VHDUFKLQJ�IRU�.(<� �����WKDW�KDVKHV�WR
WKH�DGGUHVV�����ZH�HQFRXQWHU�D�GLIIHUHQW�VLWXDWLRQ�EHFDXVH
/,1.����� ����LV�QRW�HPSW\��+HQFH��RQH�RU�PRUH�NH\V�LQ�WKH�WDEOH
KDVK�WR�WKLV�DGGUHVV��WRR��DQG�WKH�HQWLUH�FKDLQ�PXVW�EH�H[DPLQHG
IRU�WKH�SUHVHQFH�RI������6LQFH�WKH�NH\�����VLWWLQJ�LQ�WKH�QRGH���
GRHV�QRW�PDWFK�WKH�VHDUFK�NH\��ZH�KDYH�WR�ORRN�DW�WKH�QH[W�NH\�LQ
WKH�FKDLQ�ORFDWHG�DW�WKH�DGGUHVV����WR�ZKLFK�/,1.�����LV�SRLQWLQJ�
:H�ILQG�WKDW�WKH�NH\�����LQ�WKH�QRGH����GRHV�QRW�PDWFK�WKH�VHDUFK
NH\������DQG�LW�LV�WKH�HQG�RI�WKH�OLVW�VLQFH�/,1.����� ����+HQFH�����
LV�QRW�SUHVHQW�LQ�WKH�WDEOH��HLWKHU�
�����$V�DQ�H[DPSOH�RI�D�VXFFHVVIXO�VHDUFK��OHW�XV�WU\�WR�ILQG�.(<� 
�����,W�KDVKHV�WR�WKH�DGGUHVV����FRQWDLQLQJ�WKH�NH\������GLIIHUHQW
IURP������%XW�LW�LV�QRW�WKH�HQG�RI�VWRU\��/,1.����� ����LV�QRW�QXOO
DQG�WHOOV�XV�WKDW�WKH�QH[W�FRPSDULVRQ�VKRXOG�EH�PDGH�ZLWK
+.(<����� ������$W�WKLV�SRLQW��WKH�VHDUFK�NH\�LV�IRXQG��WKH�OLVW�QHHG
QRW�EH�WUDYHUVHG�DQ\�IXUWKHU��DQG�WKH�SURFHVV�WHUPLQDWHV
VXFFHVVIXOO\�
�����$IWHU�WKLV�ZDON�WKURXJK��LW�VKRXOG�QRW�WDNH�D�&HUWLILHG�6$6
SURJUDPPHU�WR�VFKHGXOH�KDVK�VHDUFKLQJ��,Q�IDFW��LW�LV�LQYRNHG�E\�WKH
ORDGLQJ�SURFHVV�ZKHQ�ZH�WUDYHUVH�WKH�FKDLQV�RI�NH\V�LQVHUWHG�VR�IDU
ORRNLQJ�IRU�GXSOLFDWHV�

67(3����+DVK��+� �02'�.(<�+6,=(������
67(3����,I�/,1.�+�� ���WKHQ�VHDUFK�WHUPLQDWHV�XQVXFFHVVIXOO\�
67(3����7UDYHUVH�WKH�OLVW��,I�.(<� �+.(<�+��WKHQ�VHDUFK�WHUPLQDWHV
VXFFHVVIXOO\�
67(3����(OVH�H[DPLQH�/,1.�+���,I�/,1.�+�� ���WKHQ�.(<�LV�QRW
IRXQG��6WRS�
67(3����1H[W�OLQN��6HW�+� �/,1.�+��DQG�JR�WR�VWHS���

1RZ�ZH�KDYH�HYHU\WKLQJ�ZH�QHHG�WR�VROYH�WKH�ILOH�PDWFK�SUREOHP
XVLQJ�FRDOHVFHG�FKDLQ�KDVKLQJ��$Q�DGGLWLRQDO�DUUD\�SDUDOOHO�WR�WKH
KDVK�WDEOH�DQG�OLQNV��+6$7��LV�XVHG�WR�SXOO�WKH�VDWHOOLWHV�IURP�WKH
ORRNXS�ILOH�60$//��,I�ZH�QHHG�WKH�NH\V�RQO\��WKH�DUUD\�+6$7�DQG
LQVWUXFWLRQV�UHIHUULQJ�WR�LW�VKRXOG�EH�RPLWWHG�
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7KLV�FRGH�LQWHQWLRQDOO\�SDUDOOHOV�WKH�DOJRULWKP�DERYH��VR�RQH�VKRXOG
QRW�EH�VXUSULVHG�WR�ILQG�D�*272�LQVWUXFWLRQ��7KRVH�DEKRUULQJ
*272V�DQG�IDYRULQJ��VWUXFWXUHG�SURJUDPPLQJ��PD\�SUHIHU�WR
UHZULWH�WKH�75$9(56(�EORFN�DV

'2�817,/��)281'��
���,)�+.(<�+�� �.(<�7+(1�)281'� ���
���(/6(�,)�/,1.�+�� ���7+(1�/($9(�
���(/6(�+� �/,1.�+��
(1'�

1RZ�WKDW�D�KDVKLQJ�URXWLQH�LV�UHDG\��ZH�FDQ�WHVW�LW�XVLQJ�WKH�VDPSOH
ILOHV��1RWH�WKDW�WKH�UHTXLUHPHQW�RI�OLPLWHG�LQWHJHU�UDQJH�FDQ�QRZ�EH
GURSSHG��WKH�FRGH�DERYH�UXQV�HTXDOO\�IDVW��QR�PDWWHU�ZKHWKHU�WKH
NH\V�KDYH�������RU����GLJLWV��+RZHYHU��LQ�RUGHU�WR�FRPSDUH�FKDLQHG
KDVKLQJ�ZLWK�WKH�UHVXOWV�REWDLQHG�HDUOLHU��WKH���GLJLW�UDQJH�KDV�EHHQ
UHWDLQHG��7KH�SURJUDP�ZDV�UXQ�IRU�1B/$5*( �����������DQG�WZR
ORDG�IDFWRUV����������SHUFHQW�VSDUVH�WDEOH��DQG���������SHUFHQW��
1RWH�WKDW�WKH�WDEOH�EHORZ�DOVR�FRQWDLQV�WKH�UHVXOWV�REWDLQHG�IRU
RSHQ�DGGUHVVLQJ�ZLWK�GRXEOH�KDVKLQJ�WKDW�ZLOO�EH�GLVFXVVHG�ODWHU�RQ�
6R�IDU��WKH\�FDQ�EH�GLVUHJDUGHG��$V�EHIRUH��WKH�WLPHV�DUH�JLYHQ�LQ
VHFRQGV��DQG�PHPRU\�XVDJH�LV�H[SUHVVHG�LQ�PHJDE\WHV�
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7KH�PHWKRG�RI�FKDLQHG�KDVKLQJ�KDV�D�QXPEHU�RI�FXULRXV�IHDWXUHV�

��� 7KH�ORZHU�WKH�ORDG�IDFWRU��L�H��WKH�VSDUVHU�WKH�KDVK�WDEOH��WKH
IDVWHU�WKH�VHDUFK��EXW�LW�FRQVXPHV�SURSRUWLRQDOO\�PRUH
PHPRU\�

��� ,I�WKH�KDVK�WDEOH�LV�NHSW�UHODWLYHO\�VSDUVH��LW�SRVVHVVHV�D
IDVFLQDWLQJ�SURSHUW\��,WV�ORRNXS�WLPH�GRHV�QRW�GHSHQG�RQ�WKH
QXPEHU�RI�NH\V�LQ�WKH�WDEOH��,W�LV�QRW�DFFLGHQWDO�WKDW�WKH�VDPH
SURSHUW\�LV�LQKHUHQW�WR�NH\�LQGH[HG�VHDUFK�

��� ,W�UXQV�VRPHZKDW�VORZHU�WKDQ�NH\�LQGH[LQJ�EXW�VWLOO���WR��
WLPHV�IDVWHU�WKDQ�HYHQ�64/;-+6+��ZKLFK��E\�WKH�ZD\��LV�D
KDVK��WRR���DQG�LV�PXFK�HDVLHU�RQ�PHPRU\�WKDQ�WKH�UHVW�RI�WKH
PHWKRGV�WHVWHG�

��� -XVW�OLNH�NH\�LQGH[LQJ��KDVKLQJ�QHHGV�QHLWKHU�VRUWLQJ�QRU
UHPRYLQJ�GXSOLFDWHV��7KH�ODWWHU�DUH�UHPRYHG�DXWRPDWLFDOO\�LQ
WKH�SURFHVV�RI�ORDGLQJ�D�KDVK�WDEOH�

�����2SHQ�DGGUHVVLQJ

�����+DVKLQJ�ZLWK�VHSDUDWH�FKDLQLQJ�LV�RQH�ZD\�RI�UHVROYLQJ
FROOLVLRQV��,W�SHUIRUPV�YHU\�ZHOO�DQG�LV�QRW�YHU\�VHQVLWLYH�WR�WKH�ORDG
IDFWRU��+RZHYHU��LWV�KDV�D�VLJQLILFDQW�VKRUWFRPLQJ��,W�UHTXLUHV�DQ
DUUD\�WR�KROG�OLQNV��DV�ODUJH�DV�WKH�KDVK�WDEOH�LWVHOI��DQG�WKDW
FRQVXPHV�DGGLWLRQDO�PHPRU\��,I�WKH�ILOH�60$//�LV�DFWXDOO\�ODUJH��LQ
UHDO�ZRUOG�DSSOLFDWLRQV��ORRNXS�WDEOHV�GR�JHW�PLOOLRQV�RI�NH\V���WKH
H[WUD�PHPRU\�EXUGHQ�FDQ�EH�TXLWH�VLJQLILFDQW�
�����$�GLIIHUHQW�FODVV�RI�FROOLVLRQ�UHVROXWLRQ�PHWKRGV�FDOOHG�FROOHFWLYHO\
RSHQ�DGGUHVVLQJ�GRHV�DZD\�ZLWK�OLQNV�DOWRJHWKHU��DQG��WKHUHIRUH�
UHGXFHV�PHPRU\�FRQVXPSWLRQ��HVSHFLDOO\�LI�VDWHOOLWHV�DUH�QRW
GUDJJHG�WKURXJK�WKH�PHPRU\�DQG�GR�QRW�GRPLQDWH�WKH�SURFHVV�
�����7KH�PDLQ�LGHD�EHKLQG�RSHQ�DGGUHVVLQJ�FDQ�EH�GHVFULEHG�DV
IROORZV��-XVW�OLNH�LQ�WKH�OLVW�KDVKLQJ��NH\V�DUH�VWRUHG�LQ�WKH�KDVK
WDEOH�LWVHOI��6XSSRVH�WKDW�DV�ZH�ORDG�WKH�WDEOH�LW�LV�GLVFRYHUHG�WKDW�D
NH\�KDVKHV�WR�D�QRQ�HPSW\�QRGH�SURGXFLQJ�D�FROOLVLRQ��,QVWHDG�RI
LQVHUWLQJ�WKH�NH\�LQWR�WKH�QH[W�DYDLODEOH�HPSW\�DGGUHVV�DQG�WUDFLQJ
LWV�RULJLQDO�KDVK�DGGUHVV�YLD�D�OLQN��ZH�FDQ�VLPSO\�VWHS�GRZQ�WKH
WDEOH�RQH�QRGH�DW�D�WLPH�XQWLO�DQ�HPSW\�ORFDWLRQ�LV�IRXQG�DQG�SODFH
WKH�FROOLGLQJ�NH\�WKHUH��,I�WKH�ERWWRP�RI�WKH�WDEOH�LV�UHDFKHG��ZH�FDQ
ZUDS�WR�LWV�WRS�DQG�FRQWLQXH�WKH�SURFHVV��7KHQ�DW�WKH�WLPH�RI
VHDUFK��LI�D�NH\�KDVKHV�WR�DQ�RFFXSLHG�QRGH��ZH�FDQ�XVH�WKH�VDPH
H[DFW�SDWK�RI�VWHSSLQJ�WKURXJK�WKH�WDEOH�XQWLO�HLWKHU�D�PDWFK�LV
IRXQG�RU�D�QRGH�LV�HPSW\��7KH�ODWWHU�ZRXOG�VLJQLI\�WKDW�WKH�NH\�LV
QRW�LQ�WKH�WDEOH�
�����+RZHYHU��VXFK�D�WHFKQLTXH�RI�UHVROYLQJ�FROOLVLRQV�WHUPHG�RSHQ
DGGUHVVLQJ�ZLWK�OLQHDU�SURELQJ��FDOOHG�WKLV�ZD\�EHFDXVH�WKH�WDEOH�LV
WUDYHUVHG�LQ�D�OLQHDU�IDVKLRQ��LV�D�YHU\�SRRU�SHUIRUPHU�ZKHQ�WKH
WDEOH�JHWV�PRUH�WKDQ�KDOI�IXOO��ZKLFK�LV�GXH�WR�WKH�SKHQRPHQRQ
FDOOHG�SULPDU\�FOXVWHULQJ��6LQFH�ZH�XVH�WKH�YHU\�ILUVW�HPSW\�ORFDWLRQ



ZH�FRPH�DFURVV�DIWHU�H[DPLQLQJ�D�QXPEHU�RI�RFFXSLHG�QRGHV��WKH
JURXSV�RI�DGMDFHQW�RFFXSLHG�DGGUHVVHV�ZLOO�LQHYLWDEO\�WHQG�WR
DJJUHJDWH�IRUPLQJ�FOXVWHUV��,W�PHDQV�WKDW�LI�WKH�WDEOH�LV�TXLWH�IXOO�
ZH�ZLOO�HYHQWXDOO\�KDYH�WR�WUDYHO�WKURXJK�WKH�HQWLUH�WDEOH�WU\LQJ�WR
ILQG�DQ�HPSW\�ORFDWLRQ�WR�HLWKHU�LQVHUW�D�NH\�RU�WHUPLQDWH�VHDUFKLQJ�
$V�D�UHVXOW��WKH�HQWLUH�SHUIRUPDQFH�DGYDQWDJH�RI�HYHQ�D�UHODWLYHO\
VSDUVH�WDEOH�FDQ�EH�ORVW�
�����7R�DOOHYLDWH�WKH�SUREOHP��OLQHDU�SURELQJ�FDQ�EH�UHSODFHG�E\
VRPH�PHWKRG�RI�VWHSSLQJ�WKURXJK�WKH�WDEOH�VHYHUDO�QRGHV�DW�D�WLPH
LQ�D�SVHXGR�UDQGRP�PDQQHU��7KLV�PDQQHU��KRZHYHU��PXVW�EH
GHWHUPLQLVWLF�LQ�WKH�VHQVH�WKDW�IRU�D�JLYHQ�NH\�KDVKLQJ�WR�D�JLYHQ
DGGUHVV��WKH�VHTXHQFH�RI�SUREHV�VKRXOG�EH�WKH�VDPH�HYHU\�WLPH�LW�LV
LQYRNHG��,Q�DGGLWLRQ��LW�VKRXOG�EH�DEOH�WR�H[DPLQH�DOO�QRGHV�LQ�WKH
WDEOH�LQ�DQ�XQEURNHQ�ZUDS�DURXQG�F\FOH��7KLV�ZD\��SULPDU\
FOXVWHULQJ�LV�YLUWXDOO\�HOLPLQDWHG��6LQFH�VHTXHQFHV�DUH�UDQGRP��LW�LV
YHU\�XQOLNHO\�WKDW�D�QHZ�HPSW\�ORFDWLRQ�ZLOO�EH�FKRVHQ�QH[W�WR�DQ
RFFXSLHG�RQH�
�����7R�LPSOHPHQW�WKLV�SODQ��WKRXJK��ZH�KDYH�WR�VHOHFW�D�SUREH
GHFUHPHQW�GLIIHUHQWO\�IURP�OHWWLQJ�LW�EH�MXVW����DV�LQ�OLQHDU�SURELQJ�
2QH�ZD\�WR�GR�LW�LV�WR�KDVK�WKH�NH\��DIWHU�LW�KDV�DOUHDG\�EHHQ
KDVKHG�WR�ILQG�LWV�KDVK�DGGUHVV��RQH�PRUH�WLPH�ZLWK�D�VOLJKWO\
GLIIHUHQW�KDVK�IXQFWLRQ�XVLQJ�WKH�UHVXOW�DV�D�SUREH�GHFUHPHQW�IRU
WKDW�SDUWLFXODU�NH\��$OWKRXJK�WKH�VHFRQG�FRPSXWDWLRQ�WDNHV�VRPH
WLPH��LW�XVXDOO\�OHDGV�WR�VHSDUDWH�SURELQJ�VHTXHQFHV�IRU�GLIIHUHQW
NH\V�VSUHDGLQJ�HPSW\�DQG�RFFXSLHG�QRGHV�HYHQO\�DFURVV�WKH�WDEOH�
�����7KH�FROOLVLRQ�UHVROXWLRQ�SROLF\�MXVW�GHVFULEHG�LV�FDOOHG�GRXEOH
KDVKLQJ��7KH�TXHVWLRQ�LV��KRZ�WR�VHOHFW�WKH�VHFRQG�KDVK�IXQFWLRQ�WR
VDWLVI\�WKH�UHTXLUHPHQWV�IRUPXODWHG�DERYH"�,W�IROORZV�IURP�WKH
QXPEHU�WKHRU\�WKDW�LI�WKH�SUREH�GHFUHPHQW�&�DQG�WKH�KDVK�WDEOH
VL]H�+6,=(�DUH�UHODWLYHO\�SULPH��&�KDV�WKH�IROORZLQJ�SURSHUW\���,I�
VWDUWLQJ�DW�VRPH�DGGUHVV��ZH�VWHS�WKURXJK�WKH�WDEOH�&�QRGHV�DW�D
WLPH�LQ�D�ZUDS�DURXQG�PDQQHU�HDFK�QRGH�LQ�WKH�WDEOH�ZLOO�EH
FRYHUHG�H[DFWO\�RQFH��)RU�LQVWDQFH��LI�+6,=(�LV�SULPH��&�FDQ�EH�DQ\
LQWHJHU�EHWZHHQ���DQG�+6,=(���LQFOXVLYH��RU�LI�+6,=(�LV�D�SRZHU�RI��
WKHQ�&�FDQ�EH�DQ\�RGG�LQWHJHU�EHWZHHQ���DQG�ORJ�+6,=(�����,Q�WKH
SURJUDP�JLYHQ�EHORZ�WKDW�LPSOHPHQWV�GRXEOH�KDVKLQJ�IRU�RXU
VDPSOH�ILOH�PDWFK�SUREOHP��ZH�VWLOO�OHW�+6,=(�EH�SULPH�OHDYLQJ�WKH
UXOHV�RI�LWV�VHOHFWLRQ�LQWDFW��DQG�FRPSXWH�&�DV

&� �����02'�.(<��+6,=(����

7KLV�KDV�EHHQ�SURYHQ�WR�ZRUN�VDWLVIDFWRULO\�LQ�PRVW�FDVHV��7KH�FRGH
EHORZ�SUHVHQWV�D�VROXWLRQ�WR�RXU�ILOH�PDWFK�VDPSOH�SUREOHP�EDVHG
RQ�RSHQ�DGGUHVVLQJ�ZLWK�GRXEOH�KDVKLQJ��DV�RSSRVHG�WR�FRDOHVFHG
OLQNHG�OLVW�FKDLQLQJ�




�23(1�$''5(66,1*�:,7+�'28%/(�+$6+,1*�


�

'$7$�0$7&+��.((3 .(<�6B6$7�/B6$7��

$55$<�+.(<����	+6,=(��B7(0325$5<B�
$55$<�+6$7����	+6,=(��B7(0325$5<B�

'2�817,/��(2)��
������6(7�60$//�(1' (2)�
������+� �02'�.(<�	+6,=(��
������,)������+.(<�+�� ���7+(1�/,1.�,16(57�
������(/6(�,)�+.(<�+��1(�.(<�7+(1�'2�
���������&� �����02'�.(<�	+6,=(����
���������,352%(�
���������+����&�
���������,)�+�����7+(1�+����	+6,=(�
���������,)�+.(<�+�� ���7+(1�/,1.�,16(57�
���������(/6(�,)�+.(<�+��1(�.(<�7+(1�*272�,352%(�
������(1'�
���(1'�
���(2)� ���
���'2�817,/��(2)��
������6(7�/$5*(�(1' (2)�
������+� �02'�.(<�	+6,=(��
������,)������+.(<�+�� �����7+(1�)281'� ���

������(/6(�,)�+.(<�+�� �.(<�7+(1�)281'� ���
������(/6(�'2�
���������&� �����02'�.(<�	+6,=(����
���������6352%(�
���������+����&�
���������,)�+�����7+(1�+����	+6,=(�
���������,)������+.(<��+�� �����7+(1�)281'� ���
���������(/6(�,)�+.(<��+�� �.(<�7+(1�)281'� ���
���������(/6(�*272�6352%(�
������(1'�
������,)�)281'�7+(1�'2�
���������6B6$7� �+6$7�+��
���������287387�
������(1'�
���(1'�
���6723�
���,16(57�
���+.(<�+�� �.(<�
���+6$7�+�� �6B6$7�
581�

2QFH�DJDLQ��WKRVH�UHYHULQJ��*272OHVV��SURJUDPPLQJ�PD\�WU\�WR
PDNH�WKH�FRGH�SUHWWLHU�ZLWKRXW�VDFULILFLQJ�DQ\�SHUIRUPDQFH��LW�LV�QRW
DV�HDV\�DV�LW�PD\�VHHP��-XVW�OLNH�LQ�WKH�FDVH�RI�FKDLQLQJ��LI�WKH
VDWHOOLWHV�DUH�QRW�QHHGHG�WKH�FRUUHVSRQGLQJ�DUUD\�DQG�LQVWUXFWLRQV
UHIHUULQJ�WR�LW�VKRXOG�EH�RPLWWHG�
�����/HW�XV�WDNH�D�ORRN�DW�WKH�SHUIRUPDQFH�WDEOH�JLYHQ�HDUOLHU��7KH
UHVXOWV�IRU�GRXEOH�KDVKLQJ�ZHUH�REWDLQHG�XVLQJ����SHUFHQW�VSDUVH
KDVK�WDEOH�ZLWK�WKH�ORDG�IDFWRU������8QGHU�WKHVH�FRQGLWLRQV��GRXEOH
KDVKLQJ�UXQV�DSSUR[LPDWHO\�DW�WKH�OHYHO�RI�VHSDUDWH�FKDLQLQJ�ZLWK���
SHUFHQW�VSDUVH�WDEOH�EXW�FRQVXPHV�OHVV�PHPRU\��7KH�PHPRU\
DGYDQWDJH�RI�GRXEOH�KDVKLQJ�LV�VRPHZKDW�PDVNHG�E\�WKH�VDWHOOLWH
DUUD\��:LWKRXW�WKH�ODWWHU��LW�ZRXOG�EH�PXFK�PRUH�SURQRXQFHG��6R�
ZH�FDQ�FRQFOXGH�WKDW�WKLV�PHWKRG�RI�UHVROYLQJ�FROOLVLRQV�LV�TXLWH
IDVW��LQ�IDFW��LW�HYHQ�ORDGV�DQ�HTXDOO\�VSDUVH�KDVK�WDEOH�IDVWHU�WKDQ
WKH�VHSDUDWH�FKDLQLQJ�
�����7KDW�D�PHWKRG�EDVHG�RQ�VWHSSLQJ�WKURXJK�WKH�WDEOH�EHIRUH�DQ
HPSW\�QRGH�LV�HQFRXQWHUHG�ZRUNV�VR�TXLFNO\��LV�WR�DQ�H[WHQW
DPD]LQJ��+RZHYHU��WKLV�LV�D�GLUHFW�UHVXOW�RI�WKH�GRXEOH�KDVKLQJ
PHWKRGRORJ\��,Q�IDFW��H[SHULPHQWV�VKRZ�WKDW�LI�WKH�WDEOH�LV�OHVV�WKDQ
KDOI�IXOO��RU�WKH�ORDG�IDFWRU�GRHV�QRW�H[FHHG�������GRXEOH�KDVKLQJ
PDNHV�RQ�WKH�DYHUDJH�QR�PRUH�WKDQ���FRPSDULVRQV�LQ�WKH�FDVH�RI
XQVXFFHVVIXO�VHDUFK��DQG�QR�PRUH�WKDQ�����FRPSDULVRQV�LI�WKH
VHDUFK�LV�VXFFHVVIXO��7KHUHIRUH��GRXEOH�KDVKLQJ�FDQ�EH�ZHOO
UHFRPPHQGHG��HVSHFLDOO\�LI�WKH�PHPRU\�LV�DW�VWDNH�

�����121�1$785$/�.(<6

�����$V�ZH�VHH��KDVKLQJ�SHUIRUPV�DGPLUDEO\�E\�DQ\�DFFRXQW��QR
PDWWHU�ZKDW�FROOLVLRQ�UHVROXWLRQ�SROLF\�LV�EHLQJ�HPSOR\HG��+RZHYHU�
WR�WKLV�HQG��KDVKLQJ�KDV�RQO\�H[SDQGHG�WKH�DSSOLFDELOLW\�RI�NH\�
LQGH[LQJ�E\�HOLPLQDWLQJ�WKH�UDQJH�UHVWULFWLRQ��EXW�LQWURGXFHG�DQRWKHU
RQH��7KH�DVVXPSWLRQ�RI�NH\V�EHLQJ�QRQ�QHJDWLYH�LQWHJHUV�KDV�EHHQ
YLWDO�WR�ERWK�LPSOHPHQWDWLRQV��,W�VHHPV�OLNH�LW�LV�FUXFLDO�LI�ZH�ZDQW
KDVKLQJ�WR�ZRUN�SURSHUO\��RWKHUZLVH�KRZ�ZRXOG�ZH�KDVK�WKH�NH\V"
)RUWXQDWHO\��WKH�QDWXUH�RI�WKH�NH\V�LV�QRW�WKDW�FULWLFDO�EHFDXVH�LQ�LWV
ILQDO�VWDJH��KDVKLQJ�LV�VWULFWO\�FRPSDULVRQ�EDVHG��%RWK�KDVKHV�DQG
WUDYHUVDOV�DUH�XVHG�PHUHO\�WR�PLQLPL]H�WKH�QXPEHU�RI�FRPSDULVRQV
QHFHVVDU\�WR�FDUU\�RXW�D�VHDUFK��\HW�WKH�ILQDO�GHFLVLRQ��LI�D�KDVK
DGGUHVV�LV�QRW�HPSW\��LV�PDGH�E\�FRPSDULQJ�VRPH�NH\V�LQ�WKH�WDEOH
WR�WKH�VHDUFK�NH\��DQ\ZD\�
�����7KHUHIRUH��LQ�RUGHU�WR�XVH�KDVKLQJ�ZLWK�NH\V�RI�DQ\�QDWXUH��ZH
RQO\�KDYH�WR�ILJXUH�RXW�KRZ�WR�KDVK�D�NH\�LI�LW�LV�QRW�D�QRQ�QHJDWLYH
LQWHJHU��/HW�XV�FRQVLGHU�VHYHUDO�GLIIHUHQW�FDVHV�

�����)UDFWLRQDO�6LJQHG�.H\V

�����,Q�WKLV�FDVH��ZH�FDQ�VLPSO\�UHVFDOH�HDFK�NH\�EHIRUH�KDVKLQJ�LW�E\
PXOWLSO\LQJ�LW�E\�D�VXLWDEOH�LQWHJHU�FRQVWDQW�DQG�DGGLQJ�DQRWKHU
SRVLWLYH�FRQVWDQW�WR�WKH�UHVXOW�LI�QHFHVVDU\��)RU�LQVWDQFH��LI�RXU�NH\V



FDQ�EH�UHSUHVHQWHG�DV�;�<��PXOWLSO\LQJ�HDFK�NH\�E\�<�EHIRUH
KDVKLQJ�ZRXOG�VXIILFH��,I��LQ�DGGLWLRQ��WKH\�FDQ�EH�QHJDWLYH��ZH
ZRXOG�VLPSO\�DGG�DQ�LQWHJHU�=�NQRZQ�WR�H[FHHG�WKH�ODUJHVW�DEVROXWH
YDOXH�D�QHJDWLYH�NH\�FDQ�DVVXPH��6R��WKH�HQWLUH�FKDQJH�WR�WKH
SURJUDPV�DERYH�QHHGHG�WR�DFFRPPRGDWH�VXFK�NH\V�ZRXOG�EH�XVLQJ

02'���.(<
<���=��+6,=(�

LQ�WKH�KDVKLQJ�IRUPXODH�LQVWHDG�RI�WKH�VWUDLJKW�PRGXOR��,W�ZLOO�QRW
FDXVH�DQ\�QRWLFHDEOH�GHWHULRUDWLRQ�LQ�SHUIRUPDQFH��VLQFH�LQ�6$6�WKLV
NLQG�RI�FRPSXWDWLRQ�LV�YHU\�IDVW�

�����'LJLWDO�6WULQJ�.H\V

�����,Q�WKLV�FDVH��LW�LV�D�VLPSOH�PDWWHU�RI�XVLQJ�WKH�,1387�IXQFWLRQ
DQG�DQ�DSSURSULDWH�QXPHULF�LQIRUPDW��)RU�H[DPSOH��LI�WKH�NH\V�ZHUH
���GLJLW�DFFRXQW�QXPEHUV�VWRUHG�DV�D�FKDUDFWHU�YDULDEOH��ZH�FRXOG
VLPSO\�FKRRVH

02'��,1387�.(<�������+6,=(�

DV�RXU�KDVK�IXQFWLRQ��$FFRUGLQJO\��WKH�KDVK�WDEOH�LWVHOI�PXVW�QRZ�EH
RUJDQL]HG�DV�D�FKDUDFWHU�DUUD\�

$55$<�+.(<���	+6,=(������B7(0325$5<B�

�����&KDUDFWHU�.H\V�LQ�*HQHUDO

�����7KHUH�DUH�WRQV�RI�SDSHUV�ZULWWHQ�RQ�WKH�VXEMHFW�RI�KDVKLQJ
FKDUDFWHU�NH\V��+RZHYHU��DOPRVW�DOO�RI�WKHP�DUH�EDVHG�RQ�EUHDNLQJ
D�FKDUDFWHU�NH\�DSDUW�LQ�VRPH�PDQQHU�DQG�WKHQ�LQYROYLQJ�WKH
LQGLYLGXDO�E\WHV�LQWR�D�VRUW�RI�FRPSXWDWLRQ�UHVXOWLQJ�LQ�DQ�LQWHJHU�LQ
WKH�UDQJH�>��+6,=(��@��6RPH�RI�WKHVH�PHWKRGV��IRU�LQVWDQFH�
XQLYHUVDO�KDVKLQJ��DUH�DFWXDOO\�TXLWH�JRRG��+RZHYHU��WKH\�DUH�EDVHG
RQ�WKH�DVVXPSWLRQ�WKDW�WKH�SURFHVV�RI�H[WUDFWLQJ�LQGLYLGXDO�E\WHV
IURP�D�VWULQJ�LV�YHU\�IDVW��8QIRUWXQDWHO\��WKLV�LV�H[DFWO\�ZKDW�LV�VORZ
LQ�6$6��:H�ZRXOG�EH�PXFK�EHWWHU�RII�LI�ZH�FRXOG�FRQYHUW�D
FKDUDFWHU�VWULQJ�WR�DQ�LQWHJHU�LQ�D�VLQJOH�VKRW��,I�WKH�NH\V�DUH�QR
ORQJHU�WKDQ���E\WHV��LW�LV�VLPSOH�

02'��,1387�/()7�.(<��3,%����

7KLV�PHWKRG�KDV�DQ�H[WUD�DGYDQWDJH��,W�DYRLGV�WKH�VORZ�68%675
IXQFWLRQ��1RWH�WKDW�ZH�XVH�3,%Z��LQVWHDG�RI�6���)3,%Z��EHFDXVH�LW
LV�IDVWHU��DQG�LQ�KDVKLQJ�WKH�RUGHU�RI�E\WHV�GRHV�QRW�PDWWHU��:H
RQO\�ZDQW�WR�XVH�DV�PDQ\�NH\�E\WHV�DV�SRVVLEOH�WR�PLQLPL]H
FROOLVLRQV��7KH�/()7�IXQFWLRQ�PD\�KHOS�E\�VTXHH]LQJ�OHDGLQJ�EODQNV
WR�WKH�ULJKW��,I�WKH�NH\�LV�ORQJHU�WKDQ���E\WHV��WKH�WULFN�ZLOO�VWLOO�ZRUN�
SURYLGHG�WKDW�WKH���FKDUDFWHUV�RI�WKH�VWULQJ�IROORZLQJ�WKH�EODQNV
GLVWLQJXLVK�WKH�NH\V�ZHOO��+RZHYHU��LI�WKH�ILUVW���E\WHV�KDYH�D�JRRG
FKDQFH�RI�EHLQJ�LGHQWLFDO��ZH�ZLOO�EH�IRUFHG�WR�VHOHFW�WKH���E\WHV
IURP�WKH�PLGGOH�RI�WKH�VWULQJ�RU�VLPSO\�UDQGRPO\��DW�WKH�VDPH�WLPH
WU\LQJ�WR�NHHS�68%675�XVDJH�ORZ�IRU�WKH�VDNH�RI�VSHHG�

�����&RPSRVLWH�.H\V

�����7KLV�VLWXDWLRQ�DULVHV�TXLWH�RIWHQ��$�QDWXUDO�LQFOLQDWLRQ�WR�GHDO
ZLWK�VXFK�NH\V�ZRXOG�EH�WR�FRQFDWHQDWH�WKHP�DQG�WKHQ�KDVK�XVLQJ
RQH�RI�WKH�PHWKRGV�GHVFULEHG�DERYH��3ULQFLSDOO\��WKHUH�LV�QRWKLQJ
ZURQJ�DERXW�LW��+RZHYHU��WKHUH�DUH�WZR�SLWIDOOV��)LUVW��FRQFDWHQDWLRQ
LV�D�VORZ�RSHUDWLRQ���DW�OHDVW��LQ�WKH�FRQWH[W�RI�KDVKLQJ��ZKHUH�WKH
VSHHG�RI�FRPSXWLQJ�D�KDVK�IXQFWLRQ�LV�RI�SDUDPRXQW�LPSRUWDQFH�
6HFRQG��HYHQ�LI�WKH�SDUWV�RI�D�FRPSRVLWH�NH\�DUH�SRVLWLYH�LQWHJHUV��LW
PD\�KDSSHQ�WKDW��ZKHQ�VWUXQJ�WRJHWKHU��WKH\�ZLOO�IRUP�DQ�LQWHJHU
O\LQJ�EH\RQG�WKH�SUHFLVLRQ�SURYLGHG�E\�WKH�6$6�QXPHULF�GDWD�W\SH�
'RXEOH�SUHFLVLRQ�URXQGLQJ�W\SLFDOO\�EHJLQV�DIWHU�WKH���WK�GLJLW�
�����&RQVLGHU�D�VLWXDWLRQ�ZKHQ�RXU�UHFRUGV�DUH�XQLTXHO\�LGHQWLILHG�E\
WZR�QXPHULF�YDULDEOHV��D����GLJLW�,'�DQG���GLJLW�0(012��DQG�D
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$IWHU�WKDW��+RUQHU
V�DOJRULWKP�FDQ�EH�DSSOLHG�WR�WKH�FRPSRQHQWV�
�����2I�FRXUVH��LQ�VLWXDWLRQV�OLNH�WKLV��WKH�NH\�SDUWV�VKRXOG�EH�VWRUHG
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��� ,QYROYH�DV�PXFK�RI�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKH�NH\V�LQ�WKH
KDVKLQJ�SURFHVV�WR�PLQLPL]H�FROOLVLRQV�

��� 8VH�DV�IHZ�FKDUDFWHU�RSHUDWLRQV�DV�SRVVLEOH�
��� 0DNH�VXUH�WKH�UHVXOW�LV�DOZD\V�LQ�>��+6,=(��@�UDQJH�

�����$33/,&$7,216

�����6XEVHWWLQJ�LV�DQ�LPSRUWDQW�EXW�RQO\�RQH�RI�PDQ\�WDVNV�WR�ZKLFK
NH\�LQGH[LQJ�DQG�KDVKLQJ�FDQ�EH�DSSOLHG�VXFFHVVIXOO\��+RZHYHU�
EHIRUH�GLVFXVVLQJ�RWKHU�DSSOLFDWLRQV��ZH�KDYH�WR�PDNH�D�IHZ�ILQDO
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�����)URP�WKH�WHVW�UHVXOWV��LW�LV�HYLGHQW�WKDW�ZKHQ�LW�FRPHV�WR
VXEVHWWLQJ��KDVKLQJ��DQG�HVSHFLDOO\�NH\�LQGH[LQJ��LI�DSSOLFDEOH�
SURYLGHV�ORRNXS�VSHHGV�XQPDWFKHG�HYHQ�E\�PHWKRGV�ZULWWHQ�LQ�WKH
XQGHUO\LQJ�VRIWZDUH�DQG�VSHFLILFDOO\�GHVLJQHG�IRU�VHDUFKLQJ��$V�DQ
LFLQJ�RQ�WKH�FDNH��KDVKLQJ�LV�VLJQLILFDQWO\�PRUH�PHPRU\�HIILFLHQW
WKDQ�IRUPDWWLQJ�DQG�64/��7KH�ODWWHU�LV�EHFRPHV�H[WUHPHO\�LPSRUWDQW
ZKHQ�WKH�QXPEHU�RI�NH\V�LQ�60$//�JURZV�EH\RQG�D�FRXSOH�RI
PLOOLRQ��7KH�DPRXQW�RI�PHPRU\�XVHG�E\�KDVKLQJ�LV�GLUHFWO\
SURSRUWLRQDO�WR�WKH�QXPEHU�RI�ORRNXS�NH\V�DQG�FDQ�EH�DFFXUDWHO\
HVWLPDWHG�EHIRUHKDQG��%XW�QRW�ZLWK�IRUPDWV�DQG�64/�
�����7KH�DXWKRU�KDV�EHHQ�H[SRVHG�WR�D�QXPEHU�RI�SURGXFWLRQ
VLWXDWLRQV�VLPLODU�WR�WKH�IROORZLQJ�WUXH�VWRU\��2QFH�XSRQ�D�WLPH��LQ�D
SRZHUIXO�NLQJGRP�FDOOHG�096��WKH�.LQJ�LPSRVHG�D�����0%�OLPLW�RQ�D
EDWFK�6$6�MRE��7KHQ�+LV�0DMHVW\�VXPPRQHG�WZR�NQLJKWV��)RUPDW
DQG�+DVK��KDQGHG�HDFK�WZR�ILOHV��60$//�DQG�/$5*(��DQG�RUGHUHG
WR�PDWFK�WKHP��$W���PLOOLRQ�UHFRUGV�LQ�60$//��)RUPDW�WRRN�DERXW���
&38�PLQXWHV�WR�FRPSLOH�XVLQJ�DOPRVW�DOO�WKH�PHPRU\��DQG�WKHQ
DQRWKHU����&38�PLQXWHV�WR�PDWFK��+DVK�ILQLVKHG�WKH�HQWLUH�MRE�LQ���
&38�PLQXWHV�QHYHU�XVLQJ�PRUH�WKDQ�����0%��$W����PLOOLRQ�UHFRUGV
LQ�60$//��)RUPDW�VLPSO\�UDQ�RXW�RI�PHPRU\��\HW�+DVK�FRPSOHWHG
WKH�WDVN�LQ����PLQXWHV�XVLQJ�����0%�RI�PHPRU\���2I�FRXUVH�
WKHUHDIWHU�+DVK�ZDV�EXUQHG�DW�WKH�VWDNH�IRU�VRUFHU\��DQG�)RUPDW
PDUULHG�WKH�3ULQFHVV���
�����2Q�D�GLIIHUHQW�QRWH��ZH�VKRXOG�H[HUFLVH�FHUWDLQ�FDXWLRQ�ZKHQ
GUDJJLQJ�VDWHOOLWHV�IURP�60$//�WKURXJK�WKH�PHPRU\��,I�WKHUH�LV
PRUH�WKDQ�RQH�VDWHOOLWH��RQH�PD\�EH�WHPSWHG�WR�FUHDWH�D�VHSDUDWH
SDUDOOHO�VDWHOOLWH�DUUD\�IRU�HDFK��EXW�WKLV�LV�QRW�DOZD\V�WKH�ULJKW�WKLQJ
WR�GR��5HPHPEHU�WKDW�WHPSRUDU\�DUUD\�LWHPV�DUH�DOORFDWHG�LQ���E\WH
PXOWLSOHV�SHU�LWHP��,I�ZH�KDYH�IRXU���E\WH�FKDUDFWHU�VDWHOOLWHV��D
VHSDUDWH�DUUD\�FDQ�EH�GHFODUHG�DV����IRU�HDFK�VDWHOOLWH�ZLWKRXW
ZDVWLQJ�PHPRU\��+RZHYHU��LI�ZH�KDYH�IRXU���E\WH�VDWHOOLWHV�DQG
WDNH�WKH�VDPH�SDWK�E\�GHFODULQJ�WKH�DUUD\V�DV�����LW�ZLOO�QRW
DFFRPSOLVK�DQ\WKLQJ�EXW�ZDVWH�RI�PHPRU\��IRU�6$6�ZLOO�DOORFDWH�WKH
DUUD\V�ZLWK���E\WHV�SHU�LWHP��DQ\ZD\��6R��LQ�WKLV�FDVH��ZH�ZLOO�EH
PXFK�EHWWHU�RII�PHPRU\�ZLVH�LI�ZH�DOORFDWH�RQH�DUUD\�DV�����RU
VLPSO\���GHIDXOWLQJ�WR������VWULQJ�WKH�VDWHOOLWHV�WRJHWKHU�DV�WKH�NH\V
DQG�VDWHOOLWHV�DUH�ORDGHG��DQG�HYHQWXDOO\�XQVWULQJ�WKHP�RQ�WKH�ZD\
EDFN�MXVW�SULRU�WR�RXWSXW�
�����+RZHYHU��WKHUH�PLJKW�EH�DQ�HYHQ�EHWWHU�VROXWLRQ�WR�KDQGOH
VDWHOOLWHV��HVSHFLDOO\�LI�60$//�LV��ZHOO��VPDOO��$W�WKH�WLPH�RI
VXEVHWWLQJ��ZH�FDQ�IRUJHW�DERXW�WKH�VDWHOOLWHV�IURP�60$//�DQG�NHHS
WKH�NH\V�RQO\���KDVKLQJ�ZLOO�UXQ�IDVWHU�DQG�FRQVXPH�DW�OHDVW����SHU
FHQW�OHVV�PHPRU\��$IWHU�WKH�VXEVHW�LV�UHDG\��LW�ZLOO�EH�D�VLPSOH
PDWWHU�WR�UHPHUJH�RU�MRLQ�LW�ZLWK�60$//�REWDLQLQJ�DOO�DGGLWLRQDO
YDULDEOHV�IURP�60$//�ZH�PLJKW�QHHG�
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VWDQGSRLQW��7KH�NH\�LQGH[HG�DQG�KDVK�WDEOHV�ZH�KDYH�XVHG�WR
IDFLOLWDWH�GLUHFW�DGGUHVV�DQG�K\EULG�VHDUFKLQJ�FDQ�EH�YLHZHG�DV
VRPH�DEVWUDFW�GDWD�W\SH��$'7��LQ�PHPRU\��WKDW�DOORZV�WR�HIILFLHQWO\
SHUIRUP�FHUWDLQ�RSHUDWLRQV�RQ�LWV�HQWULHV��7KH�$'7�XVHG�LQ�NH\�
LQGH[LQJ�DQG�KDVKLQJ�LV�VLPSO\�FDOOHG�D�WDEOH��7KH�HQWULHV�FRQWDLQ
NH\V�DQG�PD\EH�VRPH�VDWHOOLWH�LQIRUPDWLRQ��7KHUH�DUH�WZR
RSHUDWLRQV�ZH�KDYH�OHDUQHG�KRZ�WR�SHUIRUP�LQ�WKH�SURFHVV�RI
VROYLQJ�RXU�VDPSOH�SUREOHP��,QVHUW�DQG�VHDUFK��0DQ\�NLQGV�RI�$'7V
RWKHU�WKDQ�D�KDVK�DQG�NH\�LQGH[HG�WDEOH�FDQ�IDFLOLWDWH�WKHVH
RSHUDWLRQV��$�VLPSOH�VHTXHQWLDOO\�VHDUFKHG�DUUD\��ELQDU\�VHDUFKHG
VRUWHG�DUUD\��$9/�WUHH�DUH�MXVW�D�IHZ�$'7�H[DPSOHV�
�����7KH�GLIIHUHQFH�EHWZHHQ�YDULRXV�$'7V�OLHV�LQ�WKH�WLPH�QHFHVVDU\
WR�LQVHUW�DQ�HQWU\�RU�VHDUFK�WKH�HQWULHV�JLYHQ�D�NH\��)RU�H[DPSOH��D
SODLQ�DUUD\�UHTXLUHV�2�����L�H��FRQVWDQW�WLPH��LQGHSHQGHQW�IURP�WKH
QXPEHU�RI�HQWULHV�1��WR�LQVHUW�D�QHZ�HQWU\���ZH�VLPSO\�DSSHQG�LW�WR
WKH�ULJKW��+RZHYHU��VHDUFKLQJ�VXFK�D�VWUXFWXUH�RFFXUV�LQ�2�1��WLPH�
L�H��SURSRUWLRQDO�WR�1��,I�WKH�$'7�LV�D�VRUWHG�DUUD\��ZH�QHHG�2�1�
WLPH�WR�LQVHUW�DQ�HQWU\�EHFDXVH�LW�LV�QHFHVVDU\�WR�VKLIW�D�QXPEHU�RI
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WDEOH�VRUWHG��,Q�H[FKDQJH��VHDUFKLQJ�DQ�RUGHUHG�DUUD\��DV�ZH�NQRZ
IURP�3DUW����RFFXUV�RQO\�LQ�2�ORJ�1����RU�HYHQ�2�ORJORJ�1���WLPH�
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�����)URP�WKHVH�H[DPSOHV��LW�LV�FOHDU�ZKDW�NLQG�RI�DGYDQWDJH�NH\�
LQGH[LQJ�DQG�KDVKLQJ�RIIHU��,I�D�KDVK�WDEOH�LV�VSDUVH�HQRXJK��WKH\
VXSSRUW�ERWK�LQVHUW�DQG�VHDUFK�RSHUDWLRQV�LQ�FRQVWDQW�WLPH�2����
EHFDXVH��DV�ZH�KDYH�VHHQ�EHIRUH��LW�WDNHV�SUDFWLFDOO\�WKH�VDPH�WLPH
WR�VHDUFK�WKH�WDEOH�RU�WR�LQVHUW�D�QHZ�NH\��QR�PDWWHU�KRZ�PDQ\
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�����$V�D�VLGH�QRWH��IURP�WKLV�VWDQGSRLQW��WKH�GLIIHUHQFH�EHWZHHQ
NH\�LQGH[LQJ�DQG�KDVKLQJ�LV�PHUHO\�VXSHUILFLDO��$�NH\�LQGH[HG�WDEOH
LV��LQ�HIIHFW��QRWKLQJ�HOVH�EXW�DQ�LQILQLWHO\�VSDUVH�KDVK�WDEOH��DQG�WKH
KDVK�IXQFWLRQ�XVHG�WR�DFFHVV�LW�LV�VLPSO\�FRQVWDQW�
�����7KH�IDFW�WKDW�KDVKLQJ�VXSSRUWV�VHDUFKLQJ��DQG�WKXV�UHWULHYDO�DQG
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�����'LVFXVVLQJ�KDVKLQJ��ZH�VDZ�WKDW�DV�DQ�DWWHPSW�LV�PDGH�WR�ORDG
WKH�QH[W�NH\�LQWR�D�KDVK�WDEOH��WKH�VHDUFK�DQG�LQVHUW�URXWLQH�ILUVW
GHWHUPLQHV�ZKHWKHU�WKH�NH\�KDV�DOUHDG\�EHHQ�LQVHUWHG��DQG�LI�LW�KDV�
JRHV�WR�WKH�QH[W�UHFRUG��7KLV�VLGH�HIIHFW�RI�KDVKLQJ�FDQ�EH�XVHG�WR
XQGXSOLFDWH�ILOHV�
�����1RUPDOO\��GXSOLFDWHV�DUH�UHPRYHG�DV�D�VLGH�HIIHFW�RI�352&
6257��+RZHYHU��LI�VRUWLQJ�LV�QRW�QHHGHG��D�ORW�RI�H[WUD�ZRUN�LV�GRQH
IRU�QR�UHDVRQ��$QRWKHU�PHWKRG��64/�ZLWK�WKH�',67,1&7�NH\ZRUG��LV
�SXUH���EXW�LQ�WKLV�FDVH�WKH�YDOXH�VXSSOLHG�WR�%8))(56,=(�KDV�QR
HIIHFW��DQG�WKH�SURFHGXUH�UXQV�VORZO\�
�����7R�FDSLWDOL]H�RQ�WKH�XQGXSOLFDWLQJ�VLGH�HIIHFW�RI�KDVKLQJ�DOO�ZH
ZLOO�KDYH�WR�GR�LV�PDNH�LW�SXUH��/RDG�WKH�KDVK�WDEOH�DQG�WKHQ�VLPSO\
RXWSXW�LWV�FRQWHQWV�VNLSSLQJ�HPSW\�QRGHV��)RU�LQVWDQFH��LI�ZH�VHOHFW
GRXEOH�KDVKLQJ��ZH�ZLOO�RQO\�KDYH�WR�GHOHWH�/B6$7�IURP�WKH�.((3
VWDWHPHQW��DQG�UHSODFH�WKH�VHFRQG�'2�817,/�ORRS�ZLWK�WKH
IROORZLQJ�FRGH�H[FHUSW�
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,I�ZH�UXQ�WKH�FRGH�ZLWK�WKLV�FKDQJH��GR�QRW�IRUJHW�WKDW�WKH��/(7
VWDWHPHQW�DQG�'$7$�VWHS�GHILQLQJ�+6,=(�PXVW�VWLOO�EH�LQ�SODFH���
WKH�ILOH�0$7&+�ZLOO�QRZ�FRQWDLQ�DQ�XQGXSOLFDWHG�YHUVLRQ�RI�60$//�
)RU�H[DPSOH��IRU�60$//�FRQVLVWLQJ�RI�����������UHFRUGV�ZLWK����
GLJLW�QXPHULF�NH\V���������RI�ZKLFK�DUH�XQLTXH��WKH�GXSOLFDWHV�JHW
UHPRYHG�LQ�DERXW�����VHFRQGV��$Q�H[FHUSW�IURP�WKH�6$6�ORJ�EHORZ
VKRZV�KRZ�RWKHU�PHWKRGV�IDUH�LQ�FRPSDULVRQ�
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127(��7KH�352&('85(�6257�XVHG�������VHFRQGV�
127(��7KH�352&('85(�64/�XVHG�������VHFRQGV�
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�����.H\�LQGH[LQJ�LV�DQ�DUUD\�ORRNXS�WHFKQLTXH�EDVHG�VWULFWO\�RQ
GLUHFW�DGGUHVVLQJ�LQWR�DQ�DUUD\��,WV�DUHD�RI�DSSOLFDELOLW\�LV�OLPLWHG�WR
LQWHJHU�NH\V�IDOOLQJ�LQ�D�OLPLWHG�UDQJH�GHILQHG�E\�DYDLODEOH�PHPRU\
UHVRXUFHV��+RZHYHU��ZKHQ�DSSOLFDEOH��NH\�LQGH[HG�VHDUFK�H[KLELWV
XQPDWFKHG�SHUIRUPDQFH��DQG�LV�WKH�PRVW�VWUDLJKWIRUZDUG�ZD\�RI
LPSOHPHQWLQJ�DQ�$'7�ZKHUH�DOO�RSHUDWLRQV��VXFK�DV�VHDUFK��LQVHUW�
UHWULHYH��XSGDWH��GHOHWH��DQG�HQXPHUDWH�DUH�GRQH�LQ�FRQVWDQW�WLPH�
�����+DVKLQJ�H[SDQGV�WKH�LGHD�RI�NH\�LQGH[LQJ�PDNLQJ�WKH�GLUHFW
DGGUHVVLQJ�DSSURDFK�SRVVLEOH�IRU�DQ\�NH\V��,W�LV�DFKLHYHG�E\
UHVRUWLQJ�WR�D�K\EULG�VWUDWHJ\�FRPELQLQJ�GLUHFW�DGGUHVVLQJ�ZLWK
VHTXHQWLDO�VHDUFKLQJ��$OWKRXJK�VRPHZKDW�VORZHU�WKDQ�NH\�LQGH[LQJ�

KDVKLQJ�QHYHUWKHOHVV�RIIHUV�WUHPHQGRXV�SHUIRUPDQFH�DGYDQWDJHV
FRPSDUHG�WR�DQ\�RWKHU�VHDUFK�PHWKRG�LQFOXGLQJ�6$6�IRUPDWV�DQG
64/��ZKLOH�FRQVXPLQJ�VLJQLILFDQWO\�OHVV�PHPRU\�
�����.H\�LQGH[LQJ�DQG�KDVKLQJ�DUH�FRRO��7KH\�DOORZ�D�6$6
SURJUDPPHU�WR�HDVLO\�RSHUDWH�LQ�WKH�QLFKHV�ZKHUH�RWKHU�DSSURDFKHV
HLWKHU�UXQ�RXW�RI�PHPRU\�RU�WDNH�WRR�ORQJ�WR�UXQ��7KH�DXWKRU
HQFRXUDJHV�RWKHU�6$6�XVHUV�WR�XVH�WKHVH�WRROV��PRGLI\�WKHP��WZHDN
WKHP��LPSURYH�WKH�FRGH��DQG�GLVFRYHU�QHZ�DUHDV�RI�DSSOLFDWLRQ�
�����$V�.DUVWHQ�6HOI�ZURWH�RQFH���+DVK�URFNV��GXGH���,�KRSH�WKDW
DIWHU�\RX�WU\�WKHVH�PHWKRGV�LQ�\RXU�SUDFWLFDO�6$6�DFWLYLW\�DQG�ILQG
ZKDW�WKH\�DUH�FDSDEOH�RI��\RX�ZLOO�DJUHH�

6$6�LV�D�UHJLVWHUHG�WUDGHPDUN�RU�WUDGHPDUN�RI�6$6�,QVWLWXWH��,QF��LQ
WKH�86$�DQG�RWKHU�FRXQWULHV��°�LQGLFDWHV�86$�UHJLVWUDWLRQ�
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��� 7��$��6WDQGLVK��'DWD�6WUXFWXUHV��$OJRULWKPV�DQG�6RIWZDUH
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6SHFLDO�WKDQNV�WR�.DUVWHQ�0��6HOI�DQG�)��-RVHSK�.HOOH\�IRU�WKHLU
HQWKXVLDVWLF�VXSSRUW�RI�KDVKLQJ�DSSOLFDWLRQV�LQ�6$6�DQG�YDOXDEOH
GLVFXVVLRQV�IXOO�RI�LGHDV��ZLW��DQG�YLJRU��7KDQNV�WR�'RQ�6WDQOH\�ZKR
SURPSWHG�WKH�DXWKRU�WR�ORRN�EH\RQG�SXUH�NH\�LQGH[HG�VHDUFK��7KH
DXWKRU�ZRXOG�DOVR�OLNH�WR�DFNQRZOHGJH�WKH�FRQWULEXWLRQV�RI�WKH
IROORZLQJ�LQGLYLGXDOV�
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